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DIRECTOR OF TECHNOLOGY CENTER 1600 

Commissioner for Patents 
P.O.Box 1450 

Alexandria- VA 22313-1450 



Sir: 



Fax No. (571)273-8300 



The undersigned hereby respectfully submits the instant Protest under. 37 CFR 
1.291. This is the first Protest submitted in the application by the real party in interest who is 
submitting the Protest. 

As stated in the MPEP: "A protest submitted after the mailing of a notice of 
allowance will not knowingly be ignored if the protest includes prior art documents which 
clearly anticipate or clearly render obvious one or more claims." See MPEP at 1901.04- 

For the reasons that follow, it is respectfully submitted that the prior art cited 
herein clearly anticipates at least allowed claims 51, 59, 60, 67, 1 19, 120, 121, 124, 125 and 127 
of U.S. application serial No. 08/434,105 ("the £ 105 application"). The prior art also clearly 



PACE 1J37 * RCVD AT 1/8/2010 10:31:28 PM [Eastern Standard Time] • SVR:USPTO-EFXRF-5M4 * DNIS:2738300 - CSID:8585495379 " DURATION (mm-ss): 15-00 



Jan 08 2010 8:21PM 



REPLICR SP 



OFFICE 



Doc Code: T RAN. LET 

Document Description: Transmittal Letter 



8585495379 RECEIVED P - 2 

CENTRAL FAX CENTER 



B/21 (06-09) 

Approved for use thrSugtf u7/Tl/St)0&:Y)Nfe 0651-0031 
U.S. Patent and Tradamark Office: U.S. DEPARTMENT OF COMMERCE 



Under the Paoerwoik Reduction Act of 1995. najfiisnns 


f are renuired tr> rnsnond In a cott 




TRANSMITTAL 
FORM 

(to be used for ail correspondence after initial filing) 


Application Number 


08/434,105 A 


Filing Date 


Maya, 1995 


First Named Inventor 


Fischoff 


Art Unit 


1638 


Examiner Name 


Kubelik, A,R. 


\^ Total Number cf Pages in This Submission 




Attorney Docket Number 





ENCLOSURES {Chock all that apply) 



□ 
□ 

□ 
□ 
□ 

□ 
□ 



Fee Transmittal Form 
Fee Attached 

Amendment/Reply 
After Final 
□ Affidavits/decfaration(s) 
Extension of Time Request 
Express Abandonment Request 
Information Disclosure Statement 



Certified Copy of Priority 
Documents) 

Reply to Missing Parts/ 
Incomplete Application 

□ Reply to Missing Parts 
under 37CFR1.52 or 1.53 



□ 
□ 

□ 
□ 
□ 
□ 
□ 
□ 



Drawing (s) 

Li censing- related Papers 
Petition 

Petition to Convert to a 
Provisional Appfication 
Power of Attorney, Revocation 
Change of Correspondence Address 

Terminal Disci a inner 
Request far Refund 

CD, Number of CD{s) 

I | Landscape Table on CD 



0 
□ 

□ 
□ 
□ 



After Allowance Communication to TC 

Appeal Communication to Board 
of Appeals and Interferences 

Appeal Communication to TC 
(Appeal Notice, Brief, Reply Brief) 

Proprietary information 
Status Letter 

Other Enclosures) (please Identify 
below): 



I Remarks | 

1. Protest Under 37 CFR 1.291 

2. Certificate of Servlco 

3. Vaecket ai(i987) 

4. Hofteetal (1986) 

5. Beck etal (1982) 



SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT 



Firm Name 



The Law Offices of Valerie E. Looper 



Signature 



Printed name 



Valerie E. Looper 



| R9 9' No - 1 33,007 



Date 



CERTIFICATE OF TRANSMISSION/MAILING 



I hereby certify that this correspondence Is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with 
sufficient postage as first class mall in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on 
the date shown below: ~ 
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PATENT 

U.S. Application Serial No. 08/434, 105 

renders obvious allowed claims 47, 49, 55, 113, 114, 1115, 122, 123, 148, 149, 155, 156, 159, 
160,161 and 162. 

The undersigned requests that the instant Protest be considered by the Examiner, 
entered into the file and that prosecution on the merits be! reopened. 

Proof Of Service 

As required by 37 CFR 1.248, attached hereto is proof of service of the instant 
Protest upon the attorneys of record in the '105 application, including the date and manner of 
service. 

Status of the Application 

According to publicly available records on the USPTO Patent Application 
Information Retrieval (PAIR) website, U.S application serial No. 08/434 3 105 was filed on May 
3, 1995 and is a divisional of U.S. application serial No. 07/959,506, filed on October 9, 1992, 
which is a File Wrapper Continuation of U.S. application serial No. 07/476,661, filed February 
12, 1990, which is a continuation-in-part of U.S. application serial No. 07/315,355, filed 
February 24, 1989. Thus, the earliest possible effective filing date for any claim in the '105 
application is February 24, 1989. 

A notice of allowance was mailed in the '105 application on November 19, 2009. 
The issue fee is due on February 19, 201 0. According to the PAIR website, as of the filing date 
of the instant Protest, the issue fee has not been paid in the ' 105 application. 



2 
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U.S. Application Serial No. 08/434,105 

Status of the Claims 
In the notice of allowance mailed November 19, 2009, claims 47, 49-51, 53-57, 
59-70, 73, 77-80, 82-83, 85-86, 88-90, 93-96, 98 and 100^163 were indicated as being allowed. 

Listing of Publications Relied Upon 

1) Vaeck et al "Transgenic plants protected by insect attack" Nature. Volume 328, July 
2, 1987 (copy attached). 

2) Hofte et al. "Structural and functional analysis of the cloned delta endotoxin of 
Bacillus thuringiensis Berliner 1715, Eur. J.\ Biochem., 161, 273-280 (1986) (copy 
attached). 

3) Beck et al. 6C Nucleotide sequence and exact localization of the neomycin 
phosphotransferase gene from transposon Tn5" Gene 5 19, 327-336 (1982) (copy 
attached). 1 

Concise Explanation of the Relevance of the References Relied Upon 
L Claims 51, 59, 60, 67, 119, 120, 121, 124, 125 and 127 are clearly anticipated 

It is respectfully submitted that at least claims 51, 59, 60, 67, 119, 120, 121, 124, 
125 and 127 are clearly anticipated under 35 USC § 102(b) by Vaeck et al as supported by Hdfte 
et ah and Beck et aL See the Table below, which is a claim chart correlating all the elements of a 
representative claim from the '105 patent with the disclosure of the Vaeck et al. reference. 
Hofte et al. contains a published sequence for the endotoxin in Vaeck et aL, and confirms one of 
ordinary skill in the art at the time the '105 application was filed could determine that the 

deletion limitations claimed in the '105 application iad been met. Beck et al. contains a 

i 

i 

3 I 

i 

i 
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PATENT 

U.S. Application Serial No. 08/434,105 

i 

published sequence for the neo gene used in the Vaeck et al. reference, and confirms that one of 
ordinary skill in the art could confirm at the time the ' 105 application was filed that the added 
sense sequence did not include the sequences to be deleted. 

Vaeck et al is prior art under 35 USC § 102(b) because its July 2, 1987 
publication date is more than one year prior to the earliesk possible effective filing date (February 
24, 1989) for any claim in the '105 application. H5fte et al was published in 1986. Beck et al 
was published in 1982. 

Allowed claim 51 of the '105 application is representative and recites the following: 

51. A method of making a structural gene that encodes an insecticidal protein, 
the method comprising: 

(a) starting with a portion of a coding sequence, wherein the coding sequence 
is derived from Bacillus thuringiensis (B.t.) and encodes an insecticidal protein 
and wherein the portion contains ATTTA sequences and polyadenylation signal 
sequences listed in Table II; 

(b) reducing the number of said ATTTA sequences and the number of said 
polyadenylation signal sequences in said portion of the coding sequence by 
substituting sense codons for codons in said portion; and 

(c) making a structural gene that comprises: said portion with the substitute 
codons and the reduced number of ATTTA and polyadenylation signal sequences, 
wherein the structural gene comprises a nucleotide sequence that encodes an 
insecticidal protein. 



4 I 

i 
I 
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Table Correlating Elements Recited in Claii^i 51 of the 6 105 Application 
to Express Teachings in the Prior Art Vjaeck et al Publication 



Item 


Claim 5 1 Elements 


i Express Teachings In Vaeck et al. 


1 


51. A method of making a structural 
gene that encodes an insecticida] 
protein, the method comprising 


Vaeck et al. teach a method of making a 
structural gene that encodes an insecticidal 
protein: 

"Modified genes have been derived from 
bt2- a toxin gene cloned from one Bacillus 
strain. Transgenic tobacco plants 
expressing these genes synthesize 
insecticidal proteins. , Abstract. 

"We have used Agrobacterium-mcdiaied T- 
DNA transfer to express chimeric B. 
thuringiensis toxin genes in tobacco plants 
with the objective of protecting the plants 
from insect attack?* Page 33 > column 1. 


2 

1 


(a) starting with a portion of a 
coding sequence, wherein the coding 
sequence is derived from Bacillus 
thuringiensis (B.t.) and encodes an 
insecticidal protein 


Vaeck et al. start with a portion of a coding 
seqjuence derived from Bacillus 
thuringiensis that encodes an insecticidal 
protein. See abstract and Figures la and 
lb.! 

"Ini plant transformation experiments, we 
used genes containing the entire coding 
seqfuence of bt2 as well as truncated 
geries."page 33 3 Col. 2 


3 


and wherein the portion contains 
ATTTA sequences and polyadenylation 
signal sequences listed in Table II; 


Thk naturally occurring bt gene contains 
ATTTA sequences and polyadenylation 
signal sequences listed in Table II (see 
Figure 3 in Hofte et al , the coding portion 
of which is reproduced herein as Exhibit 
B).j 

Thk Bt2 coding sequence contains 28 
polyadenylation signal sequences listed in 
Talkie II and 17 ATTTA sequences. 

i 

i 
j 

i 



PACE 6/37 " RCVD AT 1/8/2010 10:31:28 PM [Eastern Standard Time] ■ SVR:USPTO-EFXRF-5/44 " DNIS: 2738300 ■ CSID:8585495379 ' DURATION (mm-ss): 15-00 



Best Available Copy 

Jan 08 2010 8:22PM REPLICR SP OFFICE 8585495379 



p. 7 



PATENT 

rj.S . Appli cation Serial No. 08/434, 1 05 



Item 


Claim 51 Elements 


; Express Teachings In Vaeck el al. 


4 


(b) reducing the number of said 
ATTTA sequences and the number of 
said polyadenylation signal sequences 
in said portion of the coding sequence 
by substituting sense codons for codons 
in said portion; and 

i 
i 


Figures la and lb in Vaeck et al. depict the 
construct pGSl 151. 

The kanamycin resistance gene, neo, is 
fused at the 3' end of the bt2 gene fragment 
in pGSl 151 and is referred to as bt:neo 23. 
That is, the neo sequence is substituted for 
a portion of the insecticidal protein coding 
sequence. The portion missing from the 
6r2;gene contains multiple ATTTA 
sequences and polyadenylation signal 
sequences listed in Table II (See Exhibit 
C). 1 Thus, the number of ATTTA 
sequences and the number of 
polyadenylation signal sequences has been 
reduced in the bt:neo 23 construct. 

No ATTTA sequences or polyadenylation 
sequences exist in the substituted region 
coding for kanamycin resistance (see the 
italicized region in Exhibit C which is the 
nea gene sequence). The neo gene is 
proven to be a sense sequence, because the 
transformed plants were demonstrated to 
express an intact NPTII protein, and also 
exhibit kanamycin resistance. See Vaeck 
et al, at page 34, Col. 2 

\ 
\ 



6 ! 

| 
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Item 


Claim 51 Elements 


: Express Teachings In Vaeck et al 


5 

j 

i 

! 

i 

i 


(c) making a structural gene 
that comprises said portion with 
the substitute codons and the 
reduced number of ATTTA and 
polyadenylation signal 
sequences, wherein the 
structural gene comprises a 
nucleotide sequence that 
encodes an insecticidal protein. 


Figjure 1 b in Vaeck et al. shows a construct 
with codons from the neo gene substituted 
for ATTTA and polyadenylation signal 
sequences: pGSl 151 contains the bt:mo 23 
construct, wherein the neo gene is fused at 
the:2,173 position, so that 2 ATTTA and 9 
polyadenylation signal sequences have 
been eliminated from the Bt sequence. 

The resultant sequence encodes an 
insecticidal protein. 

Bt toxin was detected in the leaves of 
transformed plants. A correlation was 
fouhd between Bt protein and insecticidal 
activity in the transgenic plants. Plants 
transformed with the truncated bt2 gene or 
the fusion constructs contained 
approximately ten times more Bacillus 
protein than those transformed with the 
complete bt2 sequence. (See Vaeck et al., 
at para bridging pages 35 and 36, and Table 
2) 



As summarized above, at least claims 51,; 59, 60, 67, 1 19, 120, 121, 124, 125 and 
127 are clearly anticipated by Vaeck et al as supported by Hftfte et al. and Beck et al All of the 
elements recited in these claims are expressly taught in Vaeck et al: Hofte et al. and Beck et al. 
are cited as disclosures of the claimed sequences that would have been available to one of 
ordinary skill of the art at the time the Vaeck et al. reference was published. 



7 I 

i 

! 
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//. Claims 47, 49, 55, 113, 114, 115, 122, 123, 148, 149, 155, 156, 159, 160, 161 and 162 
are clearly obvious 

It is respectfully submitted further that at least claims 47, 49, 55, 113, 114, 115, 
122, 123, 148, 149, 155, 156, 159, 160, 161 and 162 ar4 clearly obvious under 35 USC § 103(b) 
in view of Vaeck et ah combined with Hofte et al and Beck et al. for the same reasons discussed 
above in the anticipation section, above. 

Importantly, claim 98, which depends from claims 47, 49, 51, 59, 60, 63-64 and 
67 indicates that "the insecticidal protein encoded by the; structural gene comprises an amino acid 
sequence that is identical to the amino acid sequence of an insecticidal protein from 5./., or an 
insecticidal fragment thereof." By the doctrine of claim differentiation, claims 47, 49, 51, 59, 60, 
63-64 and 67 are necessarily broader in scope than claim 98 and would encompass insecticidal 
proteins comprising an amino acid sequence that is not identical to the amino acid sequence of an 
insecticidal protein from 5./., or an insecticidal fragment|thereof. 

CONCLUSION 

The undersigned respectfully requests that the instant Protest be considered by the 
Examiner, entered into the file and that prosecution on the merits be reopened. 

Respectfully submitted, 



Date: January 8, 2010 



The Law Offices of Valerie E. Looper 
11726 Lightfall Ct. 
Columbia, MD 21044 




falprie E. Looper 
Registration No . 3 3,0 07 
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Exhibit A 



Table II from "105 Application 



TABLE IX 



List of Sequences of the Potential 
Polyadenylat ion Signals 



AATAAA* 


AAGCAT 


AATAAT* 


ATTAAT 


AACCAA 


ATACAT 


ATATAA 


AAAATA 


AATCAA 


ATTAAA** 


AT ACT A 


AATTAA** 


ATAAAA 


AATACA* * 


ATGAAA 


CAT AAA * * 



^indicates a potential major plant polya4enylation site. 
**indicates a potential minor animal polyadenylat ion site. 
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Exhibit B 

Coding Sequence of delta endotoxin of Bacillus tituringiensis Berliner 1 715. See Figure 3 in 
HGfte et al "Structural and functional analysis of the cloaed delta endotoxin of Bacillus 
thuringiensis Berliner 1715, Eur. J. Biochem., 161, 273-280 (1986). 



6 
12 
18 
24 
30 
36 
42 
48 
54 
60 
€6 
72 
78 
84 
90 
96 
102 
108 
114 
120 
126 
132 
138 
144 
150 
156 
162 
168 
174 
1B0 
186 
192 
198 
204 
210 
216 
222 
228 
234 
240 
246 
252 
258 
2 64 
270 
276 
282 
238 
294 
300 
306 



atggataaca 
gtagaagtat 
tcgctaacgc 
gttgatataa 
gaacagttaa 
gaaggactaa 
cctactaatc 
cttacaaccg 
tatgttcaag 
aggtggggat 
ggcaactata 
ccggattcta 
ttagatatcg 
tccc aattaa 
cgaggctcgg 
aacagtataa 
ataatggctt 
atgggaaatg 
acattatcgt 
tc-gttcttg 
tacagaaaaa 
ccacctaggc 
agzaatagta 
qaat.ttaa.ta 



atccgaaca t 
taggtggaga 
aatttctttt 
tatggggaat 
ttaaecaa ag 
gcaatcttta 
cagcattaag 
ctattcctct 
ctgcaa a,ttt 
ttgatgccgc 
cagatcatgc 
gagattggat 
tztctctatt 
caagagaaat 
c^cagggcat 
ccatctatac 
c-cctgtagg 
cagctccaca 
ccactttata 
acgggacaga 
gcggaacggt 
aagg attta a 
gtgtaagtat 
atataattcc 



caatgaatgc attccttajta attgtttaag 
aagaatagaa actggttaica ccccaatcga 
gagtgaattt gttcccggtg ctggatttgt 
ttttggtccc tctcaatggg acgcatttct 
aatagaagaa ttcgctagga_accaagccat 
tcaa attta c gcagaatatt ttagscagtg 
agaagagatg. cgtattcaiat tcaatcacat 
ttttgcagtt caaaattaitc aagttcctct 
^catbtatca gttttga^ag atgtttcagt 
gactatcaat agtcgttata ata attta ac 
tgtacgctgg tacaatacigg gattacagcg 
aag atataat oaatttag aa gagaattaac 



tccgaactat gatagtagjaa cgtatccaat 
ttatacaaac ccagtat^ag aaaattttga 
attaggagtc cacatttgat 
agaggagaat attattggtc 
ccagaatt^ca cttttccgct 
gttgctca'ac taggtcaggg 
tttaatatag qqata aataa 



aatcttggct 
^gaagaactt 
caaagatatc 
atzgacggaa 
fcfca cagtccg 
tcaagtgt at 
cgaattgaat 
caaaaggcgg 
acggattatc 
crgq atgaaa 
cgga a-tfc'fca c 
agaggaagta 
acgctattgg 
tcga aattaa 
ttagaaatct 
ggttccttat 
catttctcct 
gtgatattca 
gaagagaaac 
agagacaaac 
tctgtagatg 
gcgatgattc 
ctgtctgtga 
actgcattct 
ttatcctgct 
gtcc ttgttg 
cgcggctata 
attcatgaga 



ctggaacttc 
cacctggcca 
gggtaagaat 
gacct attaa 
gaagctttag 
ttac gttaag 



ttgttccggc 
tgaatgagct 
atattgatca 
aaaaagaatt 
ttcaagatcc 
cggatattac 
gCAgctttga 
_aagcctatac 
attta attcg 
ggcgcctttc 
tggacattga 
agattaagac 
cattagtagg 
gtgaaaaatt 
ctttatttgt 
atgcggcaga 
ttccgggtgt 
ccctatatga 
ggaacgtgaa 
ttccggaatg 
tccttcgtgt 
tcqaqaac aa 



agaaggaagt 
ggatgctcat 
gttttcgggg 
acaacgtatt 
tagaagacct 
atttgcttat 
agattcgctg 
tcatcgatta 
aataagagct 
ttcatcacaa 
tgtcgttaaa 
gatttcaacc 
tcgctacgct 

_tcaggggaat 
gactgtaggt 
tgctcatgtc 
agaagtaacc 
gtttacttct 
agtatccaat 
gtccgagaaa 
aaactttaga 
catccaagga 

tgagtgctac 
ccgttaccaa 
ctacaatgcc 
agccccaag t 
tgttggatgt 
gcaagatggc 
agaagcacta 
ggaatgggaa 
aaactctcaa 
taaacgcgtt 
caatgcggct 
tgcgagaaat 
agggcatgta 
ggaagcagaa 
cacagcgtac 
taca gacgaa 



taaccctgaa 
tatttccttg 
gt tagcac ta 
tgtaca3a tt 
ttctacatta 
ggaagcagat 
gaacactgcc 
tttatcagta 
gtttgcacaa 
taggcttatt 
tgtatgggga 
actaactg ta 
tcgaacagtt 
tggtagtttt 
ggatatactt 
agggcatcaa 
atatggaact 
cgtgtataga 
tcaacaacta 



ggaacctcct caaatttgcc 
q atcra&a tjac cgccacagaa 
agccatgtitt caatgtttcg 
cctatgttict, cttqq ataca 
attacacaaa tacctttaac 
ggaccaggs£_££a ; caggagg 
ttaagagtiaa atattactgc 
tctaccadaa afctta caatt 
ttttcagcaa ctatgagtag 
tttactactc cgtttaactt 
ttcaattcjag gcaatgaagt 
tttgaggcag aatatg attt 
tcc aatcaaa tcgggttaaa 
tta gtt.ga'gt gtttatctga 



gtcaaacatg cgaagcgact 
gggatcaata gacaactaga 
ggcgatgacg tattcaaaga 
ttaacgt fiitt ta^ tatcaa aa 
ttaaqaqcjqt atatcgaaga 
aaacacgaaa cagtaaatgt 
ccaatcggaa aatgtgccca 
acagacttaa atgaggactt 
catgcaagac taggaaatct 
gctcgtgtiga aaagagcgga 
acaaatattg tttataaaga 
tatgatagat tacaagcgga 
catagcatitc gagaagctta 
atttttgaag aattagaagg 
ct cattada a atggtgattt 
gatgtagaag aacaaaacaa 
gtgtcacdag aagttcgtgt 
aaggagg^at atggagaagg 
ctgaagttta gcaactgtgt 



atccgctgta 
taacaacgtg 
ttcaggcttt 

Jtcgtagtgct 
aaaatctact 
agatattctt 
accatitatca 
cc atacnt ca 
tgqqaqtaat 
ttcaaatgga 
ttatatagat 

^gaaagagca 
aacaga tg tg 
tgaattttgt 
tagtgatgag 
ccgtggctgg 
gaattacgtt 

aatagatgag 
tagtcaagac 
gccaggtacg 
tcattcccat 
aggtgtatgg 
agaatttctc 
gaaaaaatgg 
ggcaaaagaa 
taccaacatc 
tctgcctgag 
gcgtattttc 
t aataat qqc 
ccaccgttcg 
ctgtccgggt 
trgcgtaacc 
agaagaggaa 
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3121 gtatatccaa aca.acacggt aacgtgtaat gattatactg cgactcaaga agaatatgag 

3181 ggtacgtaca cttctcgtaa tcgaggatat gacggagqct atqaaa qcaa ttcttctgta 

3241 ccagctgatt atgcatcagc ctacgaagaa a aagcat ata cagacggacg aagacacaat 

3301 ccttgtgaat ctaacagagg atatggggat tacacaccac taccagctgg ctatctgaca 

3361 aaagaattag agtacttccc agaaaccgat aaggtatgiga ttgagatcgg agaaacggaa 

34 21 ggaacattca tcgtggacag cgtggaatta cttcttatgg aggaataa 

The sequence shown above is the native Bt2 coding sequence (full length). The Bt2 gene coding 
sequence was obtained from Bt berliner 1715 (Genbank accession X04698), which corresponds 
to the Hofte et al 1986 (Eur. J. Biochem. 161, 273-280) publication of the Bt2 gene sequence. 

The polyadenyiation signal sequences of Table II (bold single underlining) and the ATTTA 
sequences (bold double underlining), as claimed in the allowed claims of US application 
08/434,105, are indicated. The location of the end of the Bt2 sequence, position 2,173, is 
indicated in bold italic caps and underlined. This is the location of the Bt2-nptII fusion (bi:neo 
23) described in Vaeck et al 

Hence, there are a total of 28 polyadenyiation signal sequences as listed in Table II of the 4 1 05 
application (note that some of these sequences overlap with each other) and 17 ATTTA 
sequences in the native Bt2 coding sequence. ; 
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Exhibit C 

Sequence of bt:neo 23 fusion gene construct shown in Fi 



:£ure lb of Vaeck et al. 



l 

61 
■ 121 
181 
241 
301 
361 
421 
481 
541 
601 
661 
721 
781 
841 
901 
961 
1021 
1081 
1141 
1201 
1261 
1321 
1381 
1441 
1501 
1561 
1621 
1681 
1741 
1801 
1861 
1921 
1981 
2041 
2101 
2161 
2221 
2281 
2341 
2401 
24 61 
2521 
2581 
2641 
2701 
2761 
2821 
2881 
2941 



atggataaca atccgaacat 
gtagaagtat taggtggaga 
tcgctaacgc aatttctttt 
gttgatataa tatggggaat 
gaacagtt aa ttaaccaaa q 
gaaggactaa gcaatcttta 
cctactaatc cagcattaag 
cttacaaccg ctattcctct 
tatgttcaag ctocaa attt 
aggtggggat ttgatgccgc 
ggcaactata cagatcatgc 
ccggattcta gagattggat 
ttagatatcg tttctctatt 
tccc aattaa caagagaa afc 
cgaggctcgg ctcagggcat 
aacagtataa .ccatctatac 
ataatggctt ctcctgtagg 
atgggaaatg cagctccaca 
acattatcgt ccactttata 
-ctgttcttg acgggacaga 
-acagaaaaa gcggaacggt 
ccacctaggc aaa aatt-ta a 



aca 



ggtg 



gga_ 



caatgaatgc attcctt 
aagaatagaa actgctt 
gagtgaattt gttccc 
ttttggtccc tctcaatg|gg 
aatagaagaa ttcgcta 
tcaa attta c gcagsa 
agaagagatg cgtattca 
ttttgcagtt caaaatta 
ac attta tca gttttgag 
gactatcaat agtcctta 
tgtacgctgg tacaatac 
aacratataat caatttac 



tqtt 
at 
tc 



tccgaactat gatagtag 
tta tacaaac ccagtatt 



gt 



agtaatagta gtgtaagtat 
g a attfcaata atataa t tec 
aatcttggct ctggaacttc 
cgaagaactt cacctggcca 
caaagatatc gggtaagaat 
attgaeggaa gacct attaa 
tta caatcco gaagctttag 
rcaagtgt at_Jbt.a cgttaag 
cgaattgaat ttgttccggc 
caaaaggegg tgaatgagct 
aeggattate atattgatca 
ctgg atgaaa aaaaagaatt 
egga attta e ttcaagatcc 
agaggaagta eggatattae 
aegctattgg atacqrafcegfr 



agaaggaagt. attagga 
ggatgetcat agagcaga 
gttttcgggg ccagaat 
acaaegtatt gttgetc 
tagaagacct tttaatat 
atttgettat ggaacctc 
agattegctg g atgaaa t 
tcatcgatta agecetgt 
aataagagct cctatgtt 
ttcatcacaa attacaca 
tgtcgttaaa ggac 
gatttcaacc ttaagagt 
tcgctacgct tctaccac 
^caggggaat ttttcagc 
gactgtaggt tttactac 
tgctcatgtc ttcaat 
agaagtaacc tttgaggc 
gtttacttct tcca 



ag 
ta 

gg 

aa 
aa 
ag 
c 
at 
tjca 
ac 
ag 
ct 



agtatcca at tta attaalot 
gtccgagaaa gtcaaacatg 
aaactttaga gggatcaata 
catccaagga ggcgatgacg 
ffCffflftffCfcfeg gatggattgc 



tgggtggaga ggctattegg ctatgactgg gcaceacaga caateggctq ctctgatgcc 



gccgtgttcc ggctgtcagc gcaqqgqcqc ccqgttct 



ggtgccctga atgaactgea ggacgaggca gegeggctat cgtggctggc cacgacgggc 



gztccttgcg caqctgtgct cgacgttgtc actgaagegq qaaqqgactg getgetattg 



ggcgaagtgc eggggcagga tctcctqtca tctcacct 



atcatggctg atgcaatgcg geggctqeat aegcttge 



caccaagcga aacategcat egagegagea cgtactcqga tggaaqcegg tcztqtcgat 



zaggatgato tgqacgaaga gcatcagggg ctcqcqccaq ccgaactgtt cgccaggctc 



aaggegegea tgcccgacgg cgaggatctc gtcgtgaccc a.tggcgatgc ctgcttgccg 



aatatcatgg tggaaaatgg ccgcttttct ggattcatcg actgtggccg gctggqtgtg 



gcggaccgct atcaggacat aqcqttqgct acccgtqa 



gaatgggctg accqcttcct cgcgctttac ggtatcgccg ctcccgattc gcagcgcatc 



gccttctatc gecttcttga cgagttcttc tga 



attgtttaag 

ccccaatcga 

ctggatttgt 

aegcatttet 

aooaa q c cat 

t tagagagtg 

tcaatgacat 

aagttcctct 

atgtttcagt 

atg a^t/fca ac 

gattagagcg 

gagaattaac 

cgtatccaat 

aaaattttga 

cacatttgat 

attattggtc 

cttttccgct 

taggtcaggg 

ggataaataa_ 

caaatttgee 

cgccacagaa 

caatgtttcg 

cttgg ataca 

tacctttaac 

tta caggaag 



taaccctgaa 

tatttccttg 

gttaggacta 

tgtacaaatt 

ttctsgatta 

ggaaccagat 

gaacagtgcc 

tttatcagta 

gtttcgacaa 

taggcttatt • 

tgtatgggga 

actaactgta 

tcgaacagtt 

tggtagtttt 

ggatatac tt 

agggcatcaa 

atatggaact 

cgtgtataga 

tcaacaacta 



atattactgc 
attta caatt 
ctatgagtag 
cgtttaactt 
gcaatgaagt 
aatata attt 
tcgggttaaa 
gtttatctga 
egaagegact 
gacaactaga 
tattcaaaga 
aegcaggtte 



atccgctgta 
taacaacgtg 
ttcaggcttt 
^tegtagtget 
aaaatctact 
agatattctt 
accattatca 
cc atacat ca 
tgggagtaajL 
ttcaaatgga 
ttatatagat 
^gaaagagca 
aacagatg tg 
tgaatttt gt 
tagtgatgag 
ccgtggctgg 
gaattacgtt 
tccggccgot 



tt ttgtcaagac cgacctgtcc 



tg c tcctgccga gaaagtatcc 



tc cggctacctg cccattcgac 



ta ttgetgaaga gettggegge 



Nucleotides 1-2173 depicted in Exhibit C are part of the ht:neo 23 construct. Indicated with 
double underlining and bold italics is a 16bp linker sequeince; the nucleotides 3* (downstream) 
from this linker in italics and underlined are the nptll nucleotides taken from Beck et al. which 
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encode weo, the kanamycin resistance gene, starting at position 13 (1982, Genbank accession 
V0061 8. 1 ). There are no ATTTA or polyadenylation signal sequences in this region. 

The DNA shown here is the truncated Bt2-nptII fusion protein gene named bt:neo 23 of Ti 
plasmid pGSl 151 illustrated in Figure 1 in Vaeck et al (1987) or EP0193259. It is a gene fusion 
between the Bt2 and nptll sequences as shown in Fig. 24 of EP0193259. 

The polyadenlyation signal sequences of Table II as claimed in the allowed claims of US 
application 08/434,105 are highlighted (bold single underline), as well as ATTTA sequences as 
claimed (bold double underline). 

Hence, when compared with Exhibit B, 2 ATTTA and 9 polyadenylation signal sequences as 
claimed were removed/deleted by changing the codons of the native Bt2 sequence for codons of 
the nptll gene (which does not contain any polyadenylation signal sequences or ATTTA 
sequences as claimed). 
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Transgenic plants protected from insect attack 

Mark Vaeck, Arlette Reynaerts, Herman Hofte, Stefan Jansens, Marc De Beuckeleer, 
Caroline Dean*, Marc Zabeau, Marc Van Montagu & Jan Leemans 

Plant Genetic Systems NV, Jozcf Platcaustraai 22, B-9000 Oent, Belgium 



The Gram-positive bacterium Bacillus thuringiensis produces proteins which are specifically toxic to a variety of insect 
species. Modified genes have been derived from bt2> a toxin gene cloned from one Bacillus strain. Transgenic tobacco 
plants expressing these genes synthesize insecticidal proteins which protect thern from feeding damage by larvae of the 
tobacco horn worm. 



Modern agriculture uses a wide variety of insecticides to 
control insect damage. Most of them are chemically synthesized. 
Notable exceptions are the insect toxins produced by Bacillus 
thuringiensis: spore preparations of this Gram-positive bac- 
terium have been used for more than 20 years as a biological 
insecticide 1 . The insecticidal activity resides in crystalline 
inclusion bodies produced during sporulation of the bacteria, 
which are composed of proteins (termed delta endotoxins) 
specifically toxic against a variety of insects. Different strains 
of £L thuringiensis differ in their spectra of insecticidal activity. 
Most are active against Lepidoptera, but some strains specific 
to Diptera 3 - 3 and Coleoptera* ,s have been identified. The crystals 
dissolve in the alkaline conditions of the insect midgut and 
release proteins of relative molecular mass 65,000-160,000 (M r 
65K-160K) 2 - 5 '* which are proteolytically processed by midgut 
proteases to yield smaller toxic fragments . R thuringiensis insect 
toxins are highly specific, in that they are not toxic to other 
organisms. Hence, they are safe insecticides and present an 
interesting alternative to chemical control agents. Their commer- 
cial use however is limited by high production costs and the 
instability of the crystal proteins when exposed in the field. 

We have used AgrobacfcTTum-mediated T-DNA transfer 8 to 
express chimaeric B. thuringiensis toxin genes in tobacco plants 
with the objective of protecting the plants from insect attack. 

* Permanent address: Advanced Genetic Sciences Inc., San Pablo 
Avenue, 6701, Oakland, California 94608, USA. 



We show here that a defence mechanism against phytophagous 
insects can be devised by genetic engineering. 

Modified! Bacillus toxins 

We have reported 9 the cloning of the bt2 gene from B. thuring- 
iensis strain berliner 1715 and the characterization of the recom- 
binant polypeptide expressed in Escherichia coli This protein, 
termed Bt2, is 1,155 amino acids long and is a potent toxin to 
several Icpicjopteran larvae, such as those of Manducta sexto, a 
pest of tobacco. Bt2 is a pro toxin and generates a smaller 
polypeptide, of M t 60K which retains full toxic activity 0 . The 
smallest fragment of Bt2 that is still fully toxic has been mapped 
in the Nonterminal half of the protein, between ami no-acid 
positions 29 and 607 (ref. 9) {and see Fig. 1 a). 

In plant transformation experiments, we used chimaeric genes 
containing the entire coding sequence of bt2 as well as truncated 
genes. A diagram of the chimaeric genes is shown in Fig. 16. 
Some of our T-DNA constructs include a chimaeric neomycin 
phosphotransferase gene (neo) as a marker selectable in plants 10 . 
Others carry translation al fusions between fragments of bt2 and 
the neo genp. Fusions to the 5' end of the neo gene still confer 
kaDamycin [resistance in bacteria 11 and in plants 12 . PI as mid 
pLB884 (ret 9) contains the truncated gene bt8$4 and encodes 
an N^i-terininal fragment of Bt2 up to amino -acid position 
610. In E. <Wi it produces a polypeptide of the expected size 
which is fulfy toxic towards insect larvae*. 
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Fl». 1 a. Structure of the bt2 gene. The smal- 
lest gene fragment encoding an active insect 
toxin is indicated, and the 3' end positions 
(oodon cumbers) of the different truncated 
genes, b, Chimaeric genes derived from bt2 
present in plant expression vectors. The 5' end 
of the bt2 coding sequence is fused to the 2" 
promoter fragment of theTR DNA. pGS 1161 
contains the intact bt2 gene. The bt2 segment 
in pOSl 163 ends at nucleotide position 1,830 
of the 6t2 coding sequence. In pGSHSl and 
pGSl352, the nco gene has been fused to S r 
fragments of the btl gene at positions 2,173 
and 2,050 of the bi2 coding sequence, respec- 
tively. PTR, a 432- base pair (bp) fragment 
containing the TR DNA 1' and T promoters, 
isolated from pOP443 (ref. 15); 3'l7, a 21 1-bp 
fragment containing the polyadenytation site 
of the TL DNA gene 7 (ref. 23); 3'ocs, a 
706-bp PvuM fragment containing the poly- 
adenvlation site of the oct opine synthase 
gene**. Humid* pGSM60, pGS1161 and 
pGSU63 were made using the intermediate 
plasmid pGSHltiO which contains a chimaeric neo gene 14 . For pG$U5l and pGSll;S2, containing the bi2\ nmo fusion genes pGSHlSO, a 
derivative of pGSHl60, Jacking the neo gene and 3* ocs. was used. 



a 

bt 2 gtne- 

b 

pGSItSl - 
pOSU63 
pGSnS2 
PCS1151 




3' oca neo . 
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Plasraids pLBKm860 and p LB Km 23 (H.H. et aJL, in prepar- 
ation) contain fusion genes bt:neoB60 and bt:neo23 encoding 
NH r terminal fragments of Bt2 up to amino-acid position 683 
and 724, respectively. E. co/i cells harbouring these plasmids 
are resistant to kanamycin and produce fusion proteins 
Bt : NPT860 and Bt : NPT23 which have the expected M r of 106K 
and 110K respectively and which react with aati-Bt2 (Fig* 2 A) 
and anti-NPTII antibodies. At least 30% of the fusion proteins 
is present in a soluble form in the bacterial cells. The neomycin 
phosphotransferase activity of the fusion proteins, as determined 
in an in situ assay 1 *, is comparable to wild-type NPTII activity. 
Little or no enzymatic activity was exhibited by polypeptides 
of lower M r (Fig. 26). We conclude that the fusion proteins are 
relatively stable and responsible for the kanamycin-resistant 
phenotype. Insect assays revealed that, on a molar basis, the 
fusion proteins exhibit the same toxicity towards M. sexta larvae 
as intact Bt2 protein which has an LDjo value on first instar 
larvae of 4=b 2 ng per larva. 

Plant expression vectors 

The intact and modified B. thuringiensis toxin genes were inser- 
ted between the T-DNA borders of plant expression vector 
pGSH160 (for bi2 and btS84) or pGSHlSO (ref. 14) (for 
bt : neo860 and bt : neo23)> These plasmids contain the promoter 
of the 2' gene, a constitutive promoter which directs expression 
of mannopme synthase in the TR DNA of plasmid pTiA6 
(ref. 15). The Bacillus genes are followed by a termination signal 
provided by the 3' end of gene 7 of pliA6. The resulting plasmids 
were mobilized into the Agrobacterium recipient C58C1 Rif R 
pGV2260. The latter contains an octopineTi plasmid from which 
the whole T-DNA region has been deleted and replaced by 
pBR322 (ref. 14). Recombination between pGV2260 and the 
expression vector through the homologous pBR322 sequences 
produced Ti plasmids pGSU61. pGS1163, pQSHSl and 
pCSl 152 containing bt2 t biS84, bt:neo23 and bt : nco360 y respec- 
tively (Fig. 1). 

Two approaches were used to increase the probability of 
obtaining high levels of toxin expression in plants. First, the 
expression levels directed from the 1' and 1* promoters from the 
TR DNA were found to be coordinated 15 . Consequently we 
expected that expression of the neo gene controlled by the V 
promoter in plants transformed with pOS1161 and pGS1163, 
would be correlated with transcription of the toxin gene. Second, 
we anticipated that plant cells transformed with pGSI151 or 
pGS1152. containing bt :neo fusions, would produce fusion 



proteins expressing NPTII activity. Selection for high levels of 
kanamycin resistance would allow us to select directly for trans- 
formed clones producing substantial amounts of B. thuringiensis 
protein. 

Transformation of tobacco plants 

Transgenic jtobacco plants were obtained by leaf disk infec- 
tion 14,1 * of Nicotiana tabacum var. Petit Havana SRI (ref. 17). 
Shoots resistant to 50, 100 or 200 (jig mp l kanamycin were 
selected in all transformation experiments, indicating that the 
fusion genes Indeed confer NPTII activity on transformed plant 
cells. Individual transformed plants were grown up and sub- 
sequently assayed for kanamycin resistance by testing their 
ability to produce callus from leaf disks on increasing concentra- 
tions of kanamycin and the mo re toxic aminoglycoside antibiotic 
G418. Most jof the transgenic plants expressing an intact NPTII 
protein produced highly resistant calli, growing on 1,000 mi" 1 
kanamycin and on 100 ng ml" 1 G4I8. In contrast, plants that 
expressed a Bt:NTTIT fusion protein readily fell into different 




Ftg. 2 Antigenic properties and enzymatic activity of Bt : NPTII 
fusion proteins, a. Western blot analysis" of crude extracts of E. 
coH clones j producing intact NPTII enzyme (lane I), Bt : NPT860 
(lane 2) or (Bt: NPT23 fusion protein (lane 3). Lane 4, purified Bt2. 
Blots were; incubated with a diluted anti-Bt2 serum and sub- 
sequently \ with alkaline pho&pbat&sc-bkbeJled and- rabbit 
immunoglobulin. Substrates were 5-bramo-4~chloro-3-indoly] 
phosphate-koluidiae salt and p- nitre- blue tctrazolium chloride 
(Sigma), b. Detection of NPTII activity in samples identical to 
those in a, by in situ phosphorylation of kanamycin with ,2 P-ATP 
(ref. 13). Ajl samples in o and b contain 0.25 pig protein per lane. 
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Fig. 3 Insect toxicity of transgenic tobacco plants 
expressing B. (hurtngienxis protein. Mortality of Manduca 
sexta larvae after 6 days or feeding on tobacco leaves is 
shown. The serial number of each plant is given below 
each column, and in the left-hand panels plants are 
grouped according to the concentration (in u.g ml" 1 ) of 
kanamycin to which they arc resistant. Each panel is 
labelled with the protein expressed (see Fig. 1). Plants 
were tested 4-6 weeks after transfer to the greenhouse, 
when they were about 40-cm high and had between six 
and eight full grown leaves. Two leaf disks of 4 cm in 
diameter were placed on wet 6 Iter paper in Petri dishes 
and infested with two batches of 10 first ins tax larvae or 
M. 5 ex fa. Leaf disks were replaced daily. Testa were con- 
ducted in a growth chamber at 25 "C, 75% relative humid- 
ity and under a 16 h light/ 8 h dark cycle. 
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Table I Kanamycin and C418 resistance in transgenic tobacco plants 



No. of plants resistant 











Kanamycin 








G418 
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Expression products 






(»Ag ml" 










(ngmr 1 ) 




Total 


strain 


of chirn aerie genes 


<50 


50 


too 


200 


500 ; 


1000 


<10 


10 


100 




pGSHSl 


Bt;NPT23 


? 


1 


7 


17 


t 

14 : 


10 


51 


1 


0 


52 


PGS1I52 


Bt:NPT860 


0 


0 


0 


0 


s i 


31 


35 


1 


0 


36 


PGS1161 


Bt2, NPTII 


0 


0 


0 


0 


f> 


14 


0 


0 


14 


14 


pGS3l63 


BtB84, NPTII 


0 


0 


0 


0 


1 


14 


1 


0 


14 


15 


PGS1160 


NPTII 


D 


0 


0 


0 


2 


12 


2 


0 


12 


14 



Plants were scored according to the highest concentration of antibiotic on which callus could be induced from leaf disks from in viirv grown plants 3 



classes of kanamycin resistance (Table 1). Because the specific 
enzymatic activity of the fusion proteins is comparable to that 
of intact NPTII,, we presume that these fusion proteins are 
present in lower amounts in the plant cells than intact NPTII 
protein. 

Insecticidal activity in transgenic plants 

Leaves of transgenic plants containing the four types of B. 
thuringiensis gene constructs were fed to Af. sexta larvae in 
order to evaluate whether the levels of toxin in the plants would 
be insecticidal. Mortality rates of Af. sexta larvae were monitored 
after 6 days of feeding on leaves of transformed plants (Fig. 3)- 
We found that high toxicity to insects, resulting in 75-100% 
mortality of the larvae, was observed in about one quarter of 
the plants thai expressed the longer fusion protein Bt: NPT23 
and in about two-thirds of those with the shorter Bt: NPT860. 
Thus, the Bt: NPTII fusions allowed us to select trans formants 
that express levels of the toxin sufficiently high to be insecticidal. 
Second, insect toxicity caused by the fusion proteins is directly 
correlated with the level of kanamycin resistance of the trans- 
formed plant. In addition, the short fusion generates a larger 
fraction of transfonnants expressing high kanamycin resistance 
and insect toxicity than the longer fusion, suggesting that the 
shorter bt:neo86Q gene provides higher levels of biologically 
active protein than the longer bt:neo23. Clear insecticidal 
activity was also detected in most of the 15 plants expressing 
the truncated bt&84 gene, of which two-thirds induced more 
than 75% larval death. None of the plants transformed with the 
full length bt2 gene produced insect killing activity above levels 



obtained in NPTII -expressing control plants. These experiments 
indicate that for the promoter gene constructs we used, only 
truncated bt2 genes give rise to expression levels that are strongly 
insecticidal %n transgenic tobacco. 

Protection from Insect damage 

To test whether expression of modified bi2 genes in plants results 
in effective protection against insect damage, selected transgenic 
plants were! grown in the greenhouse and were infested with 
freshly hatcjhed larvae of M. sexta. Plants were kept under 
conditions that were optimal for survival and growth of the 
insects. Plants N21-11 and N28-16 were highly protected, 
because the larvae stopped feeding within 1 8 hours and all were 
killed within three days. The damage caused by single larvae 
was limited ito areas of only a few square millimetres (Fig. 4). 
Other plants^ such as N21-53 or N28-6, suffered slightly more 
damage. Onithese plants however all the larvae were killed after 
six days. Control plants such as N21-110, transformed with 
pGSl 1 60, or untransformed SRI . were severely damaged within 
4-6 days and were entirely consumed after 12 days. 

Expression of chimaeric genes in plants 

Quantitative detection of B. thuringiensis toxin in the leaves of 
transformed jplants was performed using a sensitive E LISA, with 
a mixture df monoclonal antibodies specific for the NH r 
terminal region of the protein. A correlation was found between 
the quantity iof Bacillus protein and Insecticidal activity in the 
transgenic plants. Plants transformed with the truncated bi2 
gene or the fusion constructs contain approximately ten times 
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more Bacillus protein than those transformed with the complete 
b%2 sequence (Table 2). Thus, the failure to obtain insect-resis- 
tant plants using the intact bt2 gene is most probably due to 
inefficient protein synthesis in these transformed plant cells. 

Transgenic plants that express the shorter Bt : NPT860 protein 
are on average more effective in killing insects and express 
higher levels of toxin than those expressing the longer Bt : NPT23 
protein (Table 2). The Bt: NPTII fusion protein* detected in 
leaf extracts of the transformed plants had the expected size, 
as determined in Western blots. NPTII errzyme activity was 
exclusively associated with these fusion proteins as determined 
by irt situ NPTII assays. Production of incomplete proteins or 
degradation in the plant celts was not observed. Thus, transfor- 
med tobacco plants produced fully functional fusion proteins 
of the size of the intact gene product. 

The steady-state Bacillus messenger RNA levels in the trans- 
genic plants were low and could not be reliably detected in 
Northern blot analysis. Therefore, they were quantified using 
ribonuclease protection experiments 15 . A probe containing the 
5' fragment of the bt2 coding sequence up to nucleotide position 
186 was synthesized using the SP6 transcription system and 
annealed to total RNA from the leaves of transgenic plants. 
After ribonuclease digestion, the protected fragments were run 
on a denaturing polyacrylamide gel. The results showed that 
RNA levels in the leaves of the transformed plants were corre- 
lated with B. thuringiensis protein levels (data not shown). The 
B. thuringiensis raRNA in N28-16, the plant that produces the 
highest level of protein, corresponds to ~ 0.0001% of the 
polyCA)* mRNA. The Bacillus protein detected in this plant 
represents 0.02% of the total soluble protein, or 3 pig of this 
protein per gram fresh leaf tissue. A fivefold lower level,, as 
present in plant N28-34, was sufficient to induce 100% killing 
in a 6-day insect assay (Table 2). For comparison* the expression 
levels of the intact neo gene also driven by the TR2' promoter, 
varied between 10 and 40 u.g of NPTII per gram leaf tissue 
(0.07-0.27% of total protein). This difference in amount of 
protein is consistent with the lower kanamycin resistance levels 
of plants transformed with the bt : neo fusions compared to those 
transformed with the intact neo gene (Table 1). 
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Fig. 4 Protection from insect feeding damage in transgenic plants 
expressing ;A thuringiensis protein. Plants 40-50- cm high were 
infested injthe greenhouse with fifteen M. sexta larvae per plant, 
o. On N21-;11, expressing Bt: NPT23, all larvae died within three 
days. Leaf damage is very limited. 6, Damage on a control plant 
expressing NPTII. Pictures were taken after U days. 



Inheritance of the protection 

Eighty-five transgenic tobacco plants, transformed with the four 
types of c hi ma eric B. thuringiensis genes and expressing various 
levels of active insect toxin, were grown in the greenhouse. All 
grew normally and were indistinguishable from controls in mor- 
phology and vigour of growth. We analysed the inheritance of 
the Icanarnycin resistance in eleven plants expressing btzneo 
genes. Most of these plants contained one (N21-23, N21-50, 
N28-31. N28-34, N28-21) or two (N21-35, N28-19, N28-24, 
N28-32) kanamycin resistance loci, as confirmed by Southern 
blot analysis. Interestingly, some plants that were recognized as 
producing a large amount of Bacillus protein, such as N21-11 
and N28-16, generated exclusively kanamycin-resistant F t seed- 
lings. DN A analysis showed the presence of at least five copies 
of the T-DNA in these plants. 

F] progeny from some transgenic plants were assayed for the 
expression of insect ici da 1 activity. Insect toxicity was correlated 
with the kanamycin resistance marker in the F t progeny of plants 
N21-23» N21-50and N28-34. Insecticidal activity was similar to 
that observed in the parental plants. Approximately IS r% pro* 
geny of N21-11 and N28-16 were analysed. They all induced 
100% killing of Af. sexta larvae in the standard 6-day assay. 
Toxin levels in the F, progeny of N21-1 1 varied between 20 and 
50 ng per mg of total protein, comparable to the 30 ng per mg 
in the parental plant. 

Discussion 

Four chim aerie genes containing modified Bacillus toxin genes 
under the control of the 2' promoter of the Agrobacterhim TR 
DNA, have been transferred into tobacco plants. All contain 



the toxic coiie of the Bt2 protein; bt2 encodes the complete M T 
130K protoxin, btS$4 is a 5' fragment of bi2 up to codon 610. 
Bt : neo23 and bt : neo860 encode fusion proteins which are 
relatively stable, both in bacteria and plants, and which retain 
full insect toxicity and NPTII enzyme activity. 

Insecticidal levels of toxin were produced when truncated 
Bacillus genes or fusion constructs were expressed in transgenic 
plants. Mortality rates among M. sexta larvae feeding on trans- 
genic leaf material depended on the amount of toxic polypeptide 
produced. Typical ly, greenhouse grown plants producing more 
than 0.0O4% of their protein as the toxin produced 100% mor- 
tality in 6-day feeding assays. Some of the plants we have 
selected, contain toxin at three to five times this level (N21-11 
and N28-16); In greenhouse tests, these plants were well protec- 
ted from leaf damage caused by insects. Quantification also 
showed that the toxin expressed in plants has the same specific 
activity as in a bacterial host. 

No significant insecticidal activity could be obtained using 
the intact bt2 coding sequence, despite the fact that the same 
promoter was used to direct its expression. Intact Bt2 protein 
and RNA amounts in the transgenic plant leaves were 10-50 
times lower than those for the truncated B. thuringiensis polypep- 
tide or the fusion proteins. Expression levels were not sig- 
nificantly influenced by fusing the neo gene to the 6/2 sequence, 
but rather by the length of the bt2 fragment. Why the complete 
bt2 gene is njot expressed at an equally high level in plant cells, 
is not known. Several parameters, such as differential RNA 
stability and [translation efficiency might be important. 

We observed in transgenic plants containing the bt : neo fusion 
constructs a correlation between insecticidal activity and resist- 
ance to kanamycin. Three-quarters of all plants resistant to 
1,000 ugmPf kanamycin induced 75-100% insect mortality. 
Such fusion jgenes can be used to select efficiently for trans- 
formed plants expressing strong insecticidal activity through 
direct selection for high kanamycin resistance. 
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Table 2 


1 n sect i tidal activity and A thuringiensis protein content of transformed plants 
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* Day 4. 


Doy o 


l *> f 


Bt: NPT23 


N21-11 


33 (132) 


90 


100 


100 







N21-35 


6.9 (71) 


0 


40 


90 


57 




N21-17 


2.6 


0 


15 


75 


71 




N2M8 


5.7 


25 


50 


90 


80 




N21-32 


2.5 


5 


40 


50 


39 




N21-41 


4.3 


0 


0 


15 


34 




N21-43 


4.7 


ID 


40 


80 


66 


Bt:NPT860 


N2S06 


42 (190) 


100 


100 


100 







N28-34 


6.9 (42) 


70 


85 


100 







N28-6 


13 


80 


90 


100 






N28-15 


10 


75 


95 


100 


— 




N28-19 




35 


65 


100 


— 




N28-21 


7.0 


45 


75 


100 


— 




N28-24 


12 


60 


90 


100 






N28-31 


6.3 


55 


SO 


100 


z 




N28-32 


14 


85 


90 


100 




Bt2 


N21-105 


1.3 (5.5) 


0 


5 


L5 


7 




N21-225 


1.2(2.1) 


5 


10 


20 


17 




N21-201 


<l 


0 


5 


10 


23 




N21-236 


1.3 


0 


0 


0 


0 




N21-238 


<l 


0 


0 


0 


0 




N21-249 


1.8 


0 


10 


10 


10 


Bt884 


N28-212 


30 (125) 


100 


100 


100 






N28-220 


11 (40) 


60 


95 


100 






N28-219 


. 11 


55 


65 


95 


85 



Values in parentheses refer to amounts detected in greenhouse grown plants. Extracts were prepared from leaves of propagated in vitro plants 
or from leaves of plants grown in a greenhouse that had between six and daht fully expanded leaver Leaf tissue was ground up and subsequently 
sonicated (10 « at 50 W) in extraction buffet (NaaC0 3t 50raM at pHlO; dhtuathreitol (rjTT), 5 mM; leupeptin, 1 mg mP 1 ; Triton X-100, 0.05%; 
EDTA 50 mM; phenyimethylsutphonyl fluoride (PMSF), 0,19 mgral -1 ). Tbe extract was cleared by centrifugation and B. thuringiensis polypeptides 
in the supernatant were quantified using an indirect enzyme-linked immunosorbent assay 23 (ELISA). Polyvinyl micro tit re plates were coated with 
a goat antibody against B. thurtngiensis crystal protein. Plant extract dilutions were incubated at A °C for 2 h in the coated wells. After rinsing, 
bound antigen was reacted with a mixture of four distinct monoclonal antibodies against Bt2 and subsequently with an alkaline phosphatase 
conjugated goat anti-mouse immunoglobulin antibody. The bound enzyme conjugate was detected by adding /?-nitrophenyl phosphate as a substrate, 
and relative quantities were determined by measuring absorb an oe values at 405 nm. The monoclonal antibodies used specify antigenic epitopes 
located between ami no- acid positions 29 and 222 in the NH 3 -terminal region of the Bt2 protein (H. Vanderbruggen et ah, in preparation). To 
quantify the Bacillus protein levels in transgenic plants, ELISA binding curves of leaf extracts were compared to standard binding curves, obtained 
by diluting known quantities of the purified homologous protein in control extracts from non -transformed SRI tobacco plants. The detection limit 
of the test for purified, solubiltzed Bt2, was O.L-l.O ng ml~\ Toxin levels in plant leaves arc expressed as ng toxin per mg of total soluble protein. 
InsecticidaJ activity was determined using Manduea sexta larvae feeding on leaf material. Mortality after 3, 4, 6 days was determined and weight 
reduction in the surviving larvae measured after 6 days. 



Our experiments illustrate the feasibility of engineering plants 
that defend themselves against lepidopteran insects which are 
sensitive to the B. thuringiensis berliner insect toxin. However 
some species, such as Heliothis and Spodoptera which belong 
to the Noctuidae^ an important group of pest insects, are less 
sensitive to common strains of 3. thuringiensis, including berliner 
1715 (ref. 19). To protect plants fully against these insects, higher 
levels of expression will be required. This might be achieved 
using chimaeric Bacillus genes containing stronger plant-specific 
promoters. The 35S promoter of cauliflower mosaic virus 20 , for 
example directs a 10-50-fold higher expression than the regular 
T-DNA promoters in plants. Alternatively, it may be possible 
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Structural and functional analysis of a cloned delta endotoxin 
of Bacillus thuringiensis berliner 1715 
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A plasmid-encoded crystal protein gene (btZ) has been cloned from Bacillus thuringiensis berliner 1715. In 
Escherichia colt, it directs the synthesis of the 130-kDa protein (Bt2) which is toxic to larvae of Pieris brassicae 
and Manduca sexta. Comparison of the deduced amino acid sequence of this Bt2 protein with the B, thuringiensis 
kurstaki HD1 Dipel, B. thuringiensis kurstaki HD73 and B. thuringiensis sotto crystal protein sequences suggests 
that homologous recombination between the different genes has occurred during evolution. 

Treatment of the Bt2 protein with trypsin or chymotrypsin! yields a 60-kDa protease-resistant and fully toxic 
polypeptide. The rninimal portion of the Bt2 protein requiredfor toxicity has been determined by analysing the 
polypeptides produced by deletion derivatives of the 6r2gene. It coincides with the 60-kDa protease-resistant Bt2 
fragment and it starts between amino acids 29 and 35 at the N-tenninus and terminates between positions 599 
and 607 at the C-tenninus. 



Bacillus thuringiensis is a gram-positive bacterium which 
produces endogenous crystals upon sporulation. The crystals 
are composed of proteins which are specifically toxic against 
certain insect larvae, mainly lepidoptexan and dipteran species 
[1]. Upon ingestion by larvae, the crystals dissolve in the 
ali aline conditions of the insect midgut and release proteins 
of 130-360 kDa [2, 3 J. Which are proteolytically processed 
by midgut proteases to yield smaller toxic fragments [4]. 

Most crystal protein genes have been localised on large 
plasmids [5, 6J. Some genes have recently been cloned and 
expressed in Escherichia coli [7—10]. However these cloned 
gene products have not been subjected to a detailed functional 
characterisation. On the other hand, all biochemical studies 
have been performed on proteins derived from the original 
crystals of B. thuringiensis [4, 11]. Generally such crystals are 
mixtures of distinct polypeptides which may exhibit different 
functional properties. 

This paper describes the cloning of a crystal protein gene 
from B. thuriengiensis subspecies berliner 1715. The purified 
recombinant polypeptide was shown to exhibit a toxic activity 
to Pieris brassicae and Manduca sexta larvae comparable 
to the activity of the original crystal protein. The minimum 
polypeptide fragment still exhibiting complete toxic activity 
was mapped within the crystal protein. 



Correspondence to H. Hofte, N.V. Plant Genetic Systems, J. 
Plateaustr aat 22, B-900O Gent, Belgium 

Abbreviations. B.t. t Bacillus thuringiensis; SDS-PAGE, sodium 
dodccyl surjpbate/polyacrylamide gel electrophoresis; kb, 10 3 bases; 
ELISA> enzyme-linked immunosorbent assay; bp, base pairs; NaCI/ 
Pi, phosphate -buffered saline; HPLC, high-performance liquid chro- 
matography; LD 30 , dose at which 50% lethality is observed. 



MATERIALS AND METHODS 
Bacterial strains and plasmids 

The B.\ thuringiensis strain berliner 1715 was kindly pro- 
vided by rj>r A. Klier (Inst. Pasteur* Paris) [8]> Growth and 
sporulation conditions were described in (12]. E. coli strains 
used were KS14 [13] and K-12^HUtrp [14]. 

Plasmids used were pLK54, pLK85, pLK63 and pLK94 
[15], plTC$ [16] pKM109/90 [17] and pEcoR251 ; the latter is 
a suicide vector expressing the EcoRl gene which can be 
inactivated by cloning DN A fragments in a unique Bglil site, 
thus allowing a positive selection (Botterman et al., 
unpublished work). 

Plasmi<}s carrying a or AP R prombtor fragment were 
maintained in the cl-xcpressor-producing strain IC514(a). 
Temperature induction of the AP L or P tt promoter was 
accomplished in strain K-12JHUtrp which carries a 
temperature-sensitive cl repressor, essentially as described by 
Zabeau and Stanley [14], except that induction was at 38 °C. 

DNA MANIPULATIONS 

Recombinant DNA techniques were as described by 
Maniatis et al. [IS] and DNA sequencing was performed ac- 
cording tojMaxam and Gilbert [19]. 

3'-End delations in bt2 

Fig. 1 shows pLBKM25, the mtermediate plasmid used 
to construfct the 3 '-end deletion derivatives. This plasmid is 
composed! of the following elements (the numbers between 
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Fig. 1. Intermediate ptasmid pLBkm2S t used to construct 3' end de- 
letions in bt2. The sequences at the 5' end of bt2 and the region around 
the synthetic stop codons (S1-S2-S3) are shown. The numbers are 
explained in Materials and Methods 



brackets refer to Fig. 1): a fragment of pLK54 carrying the 
0-lactamasc gene, the origin of replication of pBR322, the 
lambda P L promotor and two transcription terminators of 
phage fd in tandem (1); a fragment of pGI502 comprising the 
bi2 gene from position — 32 to 3240 in the DNA sequence 
(2); an Xho\ linker (3) ; the HindUI-Sall fragment of pKM109y 
90 containing the neo gene deleted at the 5' end up to the 5th 
codon (4); a fragment of pLK94 carrying three stop codons in 
the three reading frames to prevent read-through translation 
from an open reading frame fused to the Sail site (5). 
pLBKM25 was treated with Kpnl> Sail, Pollk and ligase to 
generate pLB16; with Hindlll and ligase to produce pLB12 
and with *£«I t BaBl exonuclease, Sail, the 'KlenoV frag- 
ment of E. coii DNA polymerase I, and ligase to produce the 
other 3' deletion derivatives. 



5' -End deletions in b\2 

pRBlO, derived from pGI5Q2 and pLK63, contains the 
liPa promotor, the upstream region and the ATG start codon 
of the era gene followed by a BamHI linker fused to the 
second codon of the full-length bt2 gene. This gives rise to the 
sequence ATG GAT CCC GAT at the 5' end of the gene with 
GAT being the 2nd codon of bl2. pRB21D is derived from 
pRBlO. The bt2 gene has been deleted up to the 37th codon 
using the Cial site at position 106. The sequence at the 5' end 
is : ATG GAT CG A TCC GAT where GAT is the 37th codon 
of bt2. 



Fusions ofbt2 gene fragments to the 5' end ofAwcZ 

pBZ12 is derived from pLB879 and pLIC85, whereby the 
lacZ gene has been fused to the 3' end of the deleted bt2 gene, 
showing the sequence CCG GCA TCG ACC GAT CCC at 
the junction where T is position 1821 in bl2 and C position 
22 in lacZ. Sirnilarly, pBZl 3 is derived from pLB834 with the 
junction sequence being: TAT ATA GCA GAT CCG TCG 
ACC GAT CCC where G is position 1 798 in bt2 and C position 
22 in iacZ, 



BIOCHEMICAL METHODS 

Preparation of crystal proteins 

Crystals were isolated and purified from spore prepara- 
tions as described by Mahiuon and Dclcour (12). Crystal 
proteins were solubilized in 50 mM Na 2 CQ 3 pH 10„ 5mM 



FFICE 8585495379 p. 2 

App. Ser.i No. 08/434, 103 



ditteothreitol or in 50 mM NuHC0 3 pH 9.5, 200 mM 
thioglycolate. More than 90% of the crystal proteins were 
solubilizedi after a 2-h incubation at 37°C. 

Purification of Bt2 protein 

Ceils (£ g) from a saturated culture of K514 (pGl502) 
pellet were resuspended in 50 ml 50 mM Tris/HCI pH 7.9, 
50 mM Eli>TA, 15% sucrose, treated with lysozyme (100 ug/ 
ml) and sonicated on ice (10 min, 400 W). The cell debris 
were washed twice with 200 ml NaCl/P[ containing 2% Triton 
X-100, incubated for 30 rain in the same buffer at 0°C, 
centrifuged (10 min, 1 5 000 x g) aod washed twice with NaCl/ 
P it The Bt2 protein, present in the pellet, was solubilized 
in 50 ml detraction buffer (0.1 M NaHC0 3 , pH 9,5, 0.2 M 
thioglycolate) for 2 h at 37°C. 

For structural analysis, the Bt2 was further purified. The 
pellet was idissorved in buffer A (50 mM Tris/HCI, pH 8.0, 
! M urea, 0.2% 2-mercaptoethanol) and loaded on a column 
(10x2.5 cm) of DEAE-cdlulose (Whatman DE 52) pre- 
equilibxatad in the same buffer, washed twice with 50 ml buffer 

A, and eluted with 100 ml of a 0—0.3 M KC1 linear gradient 
in buffer A. Fractions containing the Bt2 protein were pooled 
and precipitated at pH 4. The precipitate was collected and 
xedissorved in 3 ml buffer A pH 10. Then the pH was re- 
adjusted to 8; the sample applied to a Sephacryl S-300 column 
(100 x 2.5 Cm) and eluted with a flow rate of 40 ml/h. Pure Bt2 
protein wa> dialysed exhaustively against 0.1 M NH^HCOj 
containing 0.2% 2-mercaptoethanol. 

Generation of the 60-kDa tryptic fragment of Bt2 

Purified Bt2 protein (1 mg/rrJ) was digested with bovine 
trypsin or chymo trypsin (Sigma) 1 : 70 for 45 min at 37 °C. 

Protein sequencing 

A rrrino-i terminal sequences were determined using a gas- 
phase sequenator (Applied Biosystems Inc. USA), operated 
essentially : as described by Hewick et al (20]. Stepwise 
liberated phenylthiohydan toin derivatives were identified by 
HPUC analysis as described by Hunkapiller and Hood [21]. 
The 60-kDa Bt2 fragment was separated on SDS-PAGE, 
electroblotted onto polybrene-coated glass-llbre sheets [22] 
and sequenced. 

Immunodetection methods 

Polyclonal antisera against crystal proteins and against 
Bt2 were raised in rabbits and mice. These antisera reacted 
strongly with Bt2 and with solubilized crystal proteins from 

B. t. ber liner both in Ouchterlony assay and in ELISA. 

Hybridomas producing monoclonal antibodies against 
B.t. crystal proteins will be described elsewhere (Vander- 
bruggen et al., unpublished results). Immunological screening 
of bacterial colonies [23] and immunoblotting on nitrocel- 
lulose [24] as performed using rabbit anti-(crysta2 serum) and 
a peroxid ase-labelled goat anti-(rabbit Ig) (Sigma). 

Q uan tifLca tio n of soluble crystal proteins or derived 
polypeptides was carried out with the ELISA techniques [25], 
Flexible riopyvinyl micro titer plates, precoated with goat anti- 
(B.t . crystal protein) antibodies were incubated for 90 min at 
4°C with dilutions of the antigen samples. After washing, a 
diluted anuV(£./. crystal protein) antibody was added, usually 
a hybrid oraa culture supernatant (1 h at room temperature). 
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Tabic t. Toxicity experiments 

The LDjo values for P. brassicae (3rd larval ins tar) and for M. sexta 
(1st larval instar) of different toxin preparations , were measured. 
n.L — not tested 



Toxin 


LD 50 for 




P. brassicae 


M. sexta 




ng/larva 


ng/cro 2 


Bt crystal from B.t. berliner 


15 


n.t. 


As above, sotubitized 


0.6 


7.5 


Bt2 protein 


1.6 


6 


Bt2 protein/trypsin 


1.5 


5 



Plates were washed and incubated with a dilution of alkahne- 
phosphatase-labcled anti-(inou$e IgG) antibodies (Sigma 
A-S153). After washing, /?-nitropherjyl phosphate (Sigma, 
104-105) was added and the reaction monitored by measuring 
the A at 405 am. The detection limit of the test for purified, 
solubilized crystal protein, was in the range 0.1 — 1 ng/ml. 
Screening of hybridorna supernatants was perforated on 
microliter plates which were coated directly by an overnight 
incubation with the crystal protein solution at 4°C (10 jig/ 
ml). 

Insect toxicity assays 

Toxicity assays were performed on first instar larvae of 
the tobacco hornworm {Manduva sexta). 3 ml of artificial diet 
[26] without formaldehyde was dispersed in a 4-cm 2 vial; a 
200-uI sample was applied and four newly hatched larvae were 
placed into each via!. 20 larvae were used per sample dilution. 
Growth and mortality were followed over a 7-day period. 

Toxicity assays on larvae of the large white cabbage butter- 
fly (Pier is brassicae) were done on discs (0.25 cm 3 ), cut from 
fresh cabbage leaves (Brassica oieracea var. gemnifera D.C.) 
on which 5 ul of a sample dilation was applied. Third instar 
larvae were obtained from a synchronised culture of P. 
brassicae. When the first disc was consumed, a fresh disc 
without sample was given. Viability of 50 larvae per sample 
dilution were monitored every 24 h over a period of 5 days. 

RESULTS 

Cloning of a B. thuringiensis gene encoding 

a ISO-kDa crystal protein exhibiting insecticide! activity 

The S DS/polyacrylamkle gel electrophoresis patterns of 
B. thuringiensis berliner 1715 crystal preparations show two 
major protein bands of about 140 kDa and 1 30 kDa (Fig. 2 A, 
lane 10). The dissolved purified crystals from this strain are 
highlv toxic towards P. brassicae and Af. sexta (larvae 
(Table 1). 

A library was constructed by cloning size-Fractionated 
(10-15kb) SmtfA-digested plasmid DMA from B, thurin- 
giensis berliner 1715 into the suicide vector pEcoR251. Four 
colonies producing crystal proteins were identified among 
] 750 clones using a colony immunoblot assay with rabbit anti- 
(crystai protein) scrum. Restriction enzyme analysis revealed 
that the four clones contained overlapping DNA fragments. 
From one of these clones, pGI612, a 7.5-kb BamiU-Pstl frag- 
ment, comprising a region shared by the four plasmids, was 
subcloned into pUC8 to produce plasmid pGI502. 
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Fig. 2. SDS-PAGE (A) and Western blot with rabbit antiserum against 
B.t. berliner crystal proteins (B) of clones containing the bt2 gene and 
its derivatives. (A) A 10% polymery] amide gd and Cocmaseie staining 
were used. Total cellular extracts of 2 x 1 0* cells were induced for S h. 
Lane 1, K-12^HUtrp CpHHIO control ZmrZ); lane 2, K-12JH1 Jtrp 
(pBZ13); lade 3. K-^Hldtrp (pBZ12); lane 4. K-12JHl^trp 
(pRB210); lane 5, K-12JHUtrp (pRBlO); lane 6, K-124Hlzftrp 
(pLBlO); lane 7,K-12^1HUtrp (pLBlO) grown at28°C; lane 8, K.514 
(pOI502); line 9, 2^g of purified Bt2 protein from clone K514 
(pGI502)j labe 10, 3 ug B.t. berliner crystals. Standard molecular mass 
markers (BipRad) are on both side. (B) Lanes as in A but with 
different amounts: lanes 1-4, extracts from 2 x10 s cells; lane 5. 
1 x 10 s cells} lanes 6—8, 5x10* cells; lane 9, 0.2 ug purified Bt pro- 
tein ; lane 10, 03 ug B.t. ber liner crystal protein 



Total cell extract of E. coli K514 (pGI502) revealed an 
intense prbtein band with apparent molecular mass of 
130 kDa oi SDS-PAGE which was not present in K514 con- 
taining the j>UC8 plasmid without insert. This protein, termed 
Bt2, conugrates with one of the major crystal proteins of 
B.t. berliner in SDS-PAGE (Fig. 2 A, lane 8). It represented 
between 5% and 10% of the total protein content in K514 
(pGI502). it was present as a precipitate in E. coli and could 
be solubiliied under the conditions required to sotubilize B.t. 
crystals. T|ae relationship of purified Bt2 protein with B.t. 
crystal proteins was analysed: in Western blotting, Bt2 reacted 
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strongly with a rabbit anti-(5.r. Berliner crystal) scrum 
(Fig. 2B, lane 9) and in an ELISA, 8 out of 16 monocLonal 
antibodies generated against Ba. berliner crystal proteins were 
reactive with the purified Bt2. Purified Bt2 showed toxicity 
levels comparable to those of soJubilized crystals from Bj. 
berliner against P. brassicae and Af. sexta larvae. (Table 1). 

Nucleotide sequence of the toxin gene 

Fig. 3 shows the restriction enzyme map of the 7.5-kb 
BarnHl-Pstl fragment from pOI502 containing the bt2 gene. 
To localize the gene on this fragment, production of Bt2 
protein by deletion mutants generated by the enzymes Hpal, 
Kpnl and Xbal was monitored, using immunoassays. The 
//pcl<ieleted plasmid still encoded an intact 130-kDa protein 
indicating that the Bt2 toxin encoding sequence is localized 
on the 4343-bp Hpal-Pstl fragment The DNA sequence of 
this fragment (Fig. 3) shows one large open reading frame 
starting at an ATG codon at position 1 and ending at a TAA 
termination codon at position 3466. It codes for a protein of 
1155 amino acids with a predicted molecular mass of 
130533 Da, which agrees well with the molecular mass of 
Bt2 as determined in SDS-PAGE. Bt2 protein from K514 
(pGI502) was additionally purified by DEAE-Sephadex ion- 
exchange chromatography and Sephacryl gel filtration. The 
amino acid sequence of the 20 N-tcnninal residues of this 
purified protein was deteraiined by gas-phase sequencing [20]. 
This sequence, Xaa-Asp-Asn-Asn-Pro- Asn-Ile-Asn-Glu-Xaa- 
Ile-Pro-Tyr-A3n-Xaa-Leu-Xaa-Asn-Pro fc is identical to the 
amino acid sequence deduced from the nucleotide sequence 
(Fig. 6) (Xaa indicates residues for which unambiguous 
identification was not possible). 

A 60-kDa toxic polypeptide generated 

through proteolytic degradation of the 130-kDa Bt2 protein 

The delta-endotoxins of B.U are believed to be protoxins 
which are degraded by insect gut proteases into smaller active 
toxins [11]. We therefore investigated whether smaller toxic 
polypeptides could be generated from purified Bt2 by pro- 
teolytic cleavage with either trypsin or chymotrypsin. At de- 
fined time intervals, aliquots were analysed on SDS-PAGE. 
The 130-kDa Bt2 protein is rapidly degraded by trypsin or 
chymotrypsin and yields a major polypeptide of 60 kOa after 
a 10-mia digestion at 37 °C. This 60-kDa polypeptide is rela- 
tively resistant to further degradation by both enzymes (over 
a 2-h period), indicating that it constitutes a protease- resistant 
core within the Bt2 protein. The 60-kDa tryptic polypeptide 
was purified by gel filtration and its insect toxicity was deter- 
mined. On a molar basis* it was equally toxic to P. brassicae 
larvae as intact 130-kDa Bt2 (Table 1). The N-terminal se- 
quence of the 60-kDa tryptic core was determined by gas- 
phase sequencing as lle-Glu-Thx-Gly-Tyr-Thr-Pro-Ile-Asp- 
Ile-Xaa-Leu allowing its unambiguous location in the original 
Bt2 sequence* starting from residue number 29 (see Fig. 5). 

Delineation of the minimum gene fragment encoding 
an active toxin 

Derivatives of the Bt2 gene that contain different deletions 
at the 5' or the 3' end were constructed and expressed in £. 
colL We analysed the produced polypeptides to delineate the 
minima] Bt2 fragment required for insect toxicity. 

The toxin gene was placed under transcriptional control 
of the APi. promoter. The resulting plasmid pLBlO directed 
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j tAAAAATTCA TATTTA8TAA 

, AAT7AGTTSC AC TT TOT CCA rfTTTTCATA AGATGAGTCA TATSTTTTAA At TUT ACTA*. 
: TGAAAAACAO TATTATATCA TAATCAATTG G7ATC73AAT AAAACACATG C3tfW rAAetr 
: AIpCATAACA A7CCCAACAT CAATCAArCC ATTCCTTATA ATTGTTTAJ*; TAACC^CAA 

• CTfcC*ADTAT TACXTZOaACA AACAATAfiA* ACTCGTIACA DCCCAATCOA TATTTCCTT(i 
' TCCCTAACOC AATTTCTTTT DAiTTOAATTT GTTCCCCC.TC CTGCiAT TTT7T GTTACGACTA 
; CTTX1A.TATXA TATXJSOQAAT TTTTCOTCCC TCTCAA7.GSC *CCCATTTCT TGTACAAATT 
-GXAtA&TTAA TTAACCAAAG AATAQAAGAA TTCOCT»G=A »CCaACCCAT TTCTAGATTA 
iCAAOOACTAA OCAA7CTTTA TCAAATTTAC CCASAAICXT TTACACACTC G^AASCAGAT 
; CCTACTAATC CACCATTAAG ACAAGAGaTC CtfTATTCAAT TCAATGACat CaacaoTCCC 
; CT TKCWC Cr; CTAT 7QCTCT TTTTGCACTT CfcAAATlATC AACTTCC7CT ITTATCWT* 
J TKTCTTCMG CTCCAAATTT ACATTTATO» CTTTTOAOAG ATGTTTCAGT GITT G GACaA 
t 400TCCCGA7 TTOA7GCCCC CACTATCAAT ACrnmATA ATGATTTAAC rAGCCTTATT 
I CGCAACTAVA CAOA7CATCC TCTACGCTCG TACAATACGC GATTAOAGCO rCTArCCCCA 

: CCOCATTCTA cagattccat aagatataat caatttacaa gacaattaac ACTAaCTOTA 

TTAGATATCG IflLVCTATT TCCOAACTAT OATACTTAOAA CCTATCCAAT rcGAACAGTT 

TCCCAATTAA CAAOACAAAT TTATACAAAC CCACTATTAO AAAATTT7GA rCCr*WTTT 

• COAOCCTCOO CTCACOGCAT ACAAGGAACT ATTAOGAOTC CACATTTCAT CCATATACTT 
: AACACTAXAA CCATCTATAC GGATGCTCAT AOAQOAGAAT ATTATTOCTC AOGCCATCAA 
; ATAATOCCTT CTCCIGTACC CTTT TCGGCC CCACMTTCA CTTTTCCOCT ATATCOAACr 

ATaOCAAATG CAQC7.CCACA ACAACGTATT CTTCCTCAAC TA&CTCACCC CCTCtATAC* 
! ACATTATCGT CCACTTTATA TAOA ACACCT TT7AATATAC OCATAAAIAA TCAACAAC1A 
. TCTCTTCTTO ACQDBACAQA ATTTCCTTAT CGAAOrTCCl CAA»TTT5CC ATCCCCTOTA 
.TACACAAAKA GCO0AACC0T ACATtCCCTC CATCAA ATAC CCCCACACAA TAATAACOTC 
: CCACCTACCC AAGCATTTAO TCATCGATTA AOCCATCTTT CAATOTTTCC TTCAO OL T 1 1 
' AG TAA TAG TA CTCTAACTAT AATAAOACCT CCTATCTTCT CTTCGATAXA TX3C7TAOTGCT 
. CAATTTAATA AT AT* ATT CT! TtCATCACA* ATTACACA4A TACCTTTAaC AAAATCTACT 
. AATCTTOOCT CTCCAACTTC TGTCCTTAAA CGACCACCAT TTACACCAGC ACaTATTCTT 
CQAACAACTT CACC7 CCCCA GATTfCAACC TTAAQAOTAA ATATTACTC3C ACCatTatC* 
; CftAAOATATC COOTAAEXAA> TCGC tACU'CT TCT»CC»CAA ATTTACAATT CCATaCATCa 
! ATTCACOCAA CADCTATTAA TCAQOSCfAT TTtTCACCAA CTATOAOTAS TCOCACf AAT 
i TTACACTCCC CAAOCTTTAC CACTCTACGr TTTACTACTC CCTTTAACTT TrCAAATGGA 

• TCAAOTCTAT rXATOTTAAa TCCTCATGTC TTCAATlCAO CCAATCAACT TTATATACAT 
: CCAATTCAAT TTCnCCOCC ACAACT*ACC TTTOAACCaO AATATflATTT ACAAACACCJt 
. C&AAACCCRO TCAA10ACCT OTTTACTTCT TCCAATCAAA rOGnCTTAAA AACACATOTC 
. AC00ATTATC ATATTOATCA ACTATCCAAT TTACTTCACT CTTTATCTC* TCAATTTTCT 
' CTCGATCAAA AAAAACAArt GTCCCACAAA CTCAAACATC CCA AC OG ACT TAOTMrOAC 
; CQCAATTTAC TTCAAQATCC AAACTTTACA CCCAtCAATA GACAACTACA CCCJTCCCTCC 

CDOATATTAC CATCCAAGCA CGCOATCACG TATTCAAACA OAATTACCTT 

CTACCmOA TGACTCCTAC TTAAbcTATT TATATCAAAA AATACATCA0 

AACCCTATAC CCCTTACCAA TTAACAtfCCT ATArrCOAAOA TAGTCAAOAC 

TTAOAAATCT ATTTAATTCC CTACAATOCC A A AC A OGAA A CACTAAATCT CCCACCrAOi 

I 0&1TCLT3 AT COOSOCTTTC ACCCCCAACT CCM700CAA AATCTOCCCA TCATTCCCAT 

:CATTTCTOCl TOOACATTCA TCTTCCA TCT ACArQACTTAA ATCAOMCTT AGCTTGT A.TO& 

;GTCATATTCA MJA3TAAOAC OCAAOATCCC CATQCAA9AC TACCAAATCT ACAATf rCTC 

CAACAOAAAC CAT7ACTACG ACAAOCACTA GCT0OTCTOA AAAGAOCOCA tiAAAAAATOD 

CVOAAAAATT OOAATCCOAA ACAAATATTC TTTATAAACA CCCAaaacaa 

CTTT ATT TCT AAACTCTCAA TATGATACAT TACAAQCOGA TACCAACATC 

ATCCQCCACa TAAAjCCCCTT CATAOCATTC 0AGAA9CTTA TCTGCCTCAC 

TTCCtSCCTCT CA»TCCS6Cr ATTTT TGAAB AATTABAAG3 OCCTATTTTC 

CCCTATATCA TGCSACAAAr GTCAT TAAAA ATG9TCJATTT TAATAATCOt 

COAAOCTGAA ACQGCATCVA CATCTAjOAAO AACMAACAA CCACCOTTOS 

TTCCGCAATC SBAAOCAGAA CTCTCACAAC AACTTCOTCT CTGTCCOGCT 

TCCTTCflTOT CACAecGTAC AACOAO06AT* AT05A0AACB TTOOCTAAGC 

TCOACAACAA TACAOAC O AA CTGAACTTTA CCAACTCTCT ACAAOAOCAA 

acaacacilgr aacbtctaat cattatactc ccwctcaaca acaatafqao 
ci tct cot aa tcofcooatat cacccaccct atcaaaqcaa ttcltctcta 
alocatcacc ctataaaoaa a aa cca tat a ca0at<30aa: aac*cacaat 
ctaaxaoaco atatooccat taa:acaccac taccaoctcg ctatgtcaca 
actacttocc aoaaaccoat aaootaigoa ttcacatccc agaaacdgaa 

TC&TOCACAG CCTCCAAtTA C FT C7T ATOQ A0O4ATAATA TATCCTTTAA 
0TCCAAATAA AOAAtOAtT* CTTJACTTCTA TTCACAMTA AATAAQCAAA 
AATAAAAAaC CCCCATCACc CTTAAAACAA TOATCTCCOT TmTCTATC 
TCMATTTAA ATQTTTTTTT CCCIUU10CTT TACTTAACGQ CCTACCECCA 
AAC1TAAOAA TTT3CACTAC CCCCAACTCT CAAAAAACGT TATTCTTTCT 
CTASAAAOCA TCACATTTTT TatCAATCTT TCaaTTCAAG ATCAATTACA 
CAAGACCTCT atCCTCATTT AACCCCrTCT CTTTTOGAhO AAC70CCTAA 
TTTSTAAAAA CAAAACHAAA C1TTTCACCA AATCAATTAC CTACCATATC 
AOTCAACSTA CAaOCAOTO* TTCTCTOCTT CCMCTATGtA CTCAATTACA 
CQACCTCTTA TGACTCCACA ACCACTCAAT JUWtcCCTTTO ATAAAAAAQC 
TTOLA AA TATA TTTrTTCTGC AT TAT OCA A A ACTJAACTTT C TAAAA CAT? 
AOTCCACCAC TCACOTATTT 7CAACOAATC CCTATTTTA= ATCCGaCoat 
COMAACATT TAOCACATC T ATATCCTCCG TCACCrCCTT GTGCaCAaaC 
430 L ;1GC 

Fig. 3. Restriction map of the Bamf/APst/ fragment o/B.i. berliner 
plasmid DNA in pGI502 (A) and the nucleotide sequence of the frag- 
ment ( B) , (A) The sequenced region is indicated. The arrow represents 
the toxin Bene. X = Xbal; E = £coRl; C = CM; Bl = BamHl\ 
H = Hpal; ] Hd = fTfodlll; S = Sort; K = Kpnl; M = Afhtl; 
P Pstl. (B> The ATG initiation codon, the TAA stop codon and 
the Shine arid Dalgarno sequence of bt2 are underlined 



high level; expression of the Bt2 protein after induction 
(Fig. 2 A, lanes 6 and 7; Fig. 2B, lanes 6 and 7). We sub- 
sequently constructed pLBKm25 (sec Materials and Meth- 
ods), a derivative: of pLBl 0, which allowed the isolation of a 
series of 3' deletions of the bt2 gene. Fig. 4 shows the positions 
of the different deletion end points. One of these deletions 
(pLB16), comprises bt2 gene sequences up to the Kpnl site 
at position 2170. £. coli K-12dHldtrp containing pLB16 
produces a 80-kDa polypeptide reactive with anti-(i?./. ber- 
liner crystal) serum in Western blotting. When assayed on P. 
brassicae larvae, this protein exhibited toxicity levels similar 
to those of intact Bt2 protein (Table 2). Ih another deletion 
clone, pLB12, the bt2 gene extends to the /todlll site at 
position 1692 and encodes a 60-kDa protein, still detectable 
as a faint band in Western blotting. However, extracts from 
this clone I were completely nontoxic towards P. brassicae 
larvae (Ta^>le 2). These results suggest that the gene fragment 
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Fig. 4. Localisation of the endpoxntsof the 3" deletions in btZ Positions 
of the 3' ends of deletion clones are indicated. Also shown is the result 
of a Western blotting with anti-(i?.f. crystal) serum on extracts of 
some of these clones 
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Table 2. Toxicity against 3rdinstar larvae o/P. brassicac of cell extracts 
of K-12AHlAtrp strains containing different ptasm'uis 
Toxicity was! measured as percentage mortality after 4 days 



Strain 



Toxicity at dilution of 
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1/10 


1/100 




% 






P LB16 


100 


100 


6 




too 


100 


54 


pLB822 


L00 


100 


80 


pLB828 


100 


100 


68 


pLB826 


100 


100 


96 


pLB884 


100 


100 


74 


pLB879 i 


98 


50 


S 


pLB834 


0 


2 


2 


P LB950 


s 


0 


2 


pLB876 


2 


0 


4 


pLB12 


0 


0 


0 


pBZ12 


100 


74 


22 


pBZ13 


4 


0 


0 


pHHIO 


10 


0 


0 


pRBJO 


100 


100 


100 


pRB210 


6 


2 


4 
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encoding the active toxin is contained within the Kpnl deletion 
fragment but extends beyond the Hindlll site. To determine 
the 3' end point of the minimal fragment precisely, random 
deletion mutants encoding N -terminal fragments or 
decreasing size, starting from the Kpnl site, were constructed 
using exonucJease BaBt. Nine derivatives which have their 
deletion end points in the HincYill-Kpnl region were analysed. 
Extracts from rC-12JHUtrp (pLB879) and from larger clones 
were fully toxic whereas extracts from K-12JHl^trp 
(pLB834) and from smaller clones were completely non-toxic 
to P. brassicae larvae (Tabic 2). The presence of Bt2-like 
polypeptides in the extracts was verified using Western 
blotting with anti-(£.f. berliner crystal) serum (Fig. 4) and 
revealed that less Bt2-like antigen was present in K- 
12dH1dtrp (pLB834) than in K-12JHUtrp (j>LBB79). 

However this quantitative difference could not account 
for the complete lack of toxicity of K-124H1 Jtrp (pLB834) 
over a 100- fold dilution range (Table 2). The deletion 
endpoints ra pLB879 and pLB834 were determined by DNA 
sequencing (Fig. 5) and indicated that the critical end point 
of a DNA fragment encoding an active toxin maps between 
positions 1798 and 1821 on the bt2 gene. 

The lack of toxicity in pLB834 could result from a higher, 
susceptibility to proteolytic degradation of the pLB834- 
endoded polypeptide. To investigate this possibility, we 
constructed inframe fusions of the bt2 gene fragments 
contained in pLB834 and pLB879 to the 5' end of tecZ, to 
produce pBZ12 and pBZ13 respectively- It has been shown 
that stable /?-gaJactosidase fusion proteins can be easily pro- 
duced in high quantities in E. coli 114, 27]. SDS-PAGE analysis 
showed that the bt2-tacZ fusion genes directed the production 
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Fig. 5. The sequence around the 5' end (A) and the 3' end (B) of the 
smallest toxin-encoding bt2 gene fragment. The end points of bt2 in 
the deletion plones and the N-terminus of the 60-kDa trypsin-deavagt 
product are indicated 



of high amounts of protein with a high molecular mass as 
expected ft}r the fusion protein (Fig. 2 A, lanes 2 and 3). Reac- 
tivity withjantH/?./. berliner crystal) serum (Fig. 2B, lanes 2 
and 3) andianu-(l-ga!actosidase) serum (not shown) in West- 
ern blotting confirmed the presence of both Bt2 and 
l-galactosidase determinants. The toxicity of pBZ12 was com- 
parable tolthat of pLB879 t whereas the equally stable fusion 
protein encoded by pBZl 3 was completely nontoxic (Table 2). 

To delineate the 5' border of the gene fragment encoding 
an active tpxin, we constructed pRB210 which contains a 5' 
deletion in the bt2 gene lacking the first 36 codons. A 
polypeptide encoded by pRB21 0 would start only eight amino 
acids beyond residue 29, the N-terminus of the fully active 
60-kDa processed toxin. Clones containing pRB210 and 
pRBlO, a control plasmid containing a full-length bt2 gene, 
both produced proteins of the expected size that reacted with 
anti-Bt2 antiserum (Fig. 2 A, lanes 4 and 5; Fig. 2B, lanes 4 
and 5). Strain K-12JH1/Itrp (pRBlO) was fully toxic whereas 
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K-12^Hldtrp (pRB210) was completely non-toxic to P. 
brassicae larvae (Table 2). Thus the N-teiminus of the rranirual 
toxic polypeptide is localized between amino acid positions 
29 and 37 (Fig. 5). 

Taken together, these data show that the minimal toxic 
fragment of the Bt2 protein is a 60-kDa polypeptide delineated 
by residues 29 and 37 at the N-terminus and amino acids 
601 - 607 at the C-terminus (Fig. 5). 



DISCUSSION 

A plasmi d-encod ed crystal protein gene from B.t. ber liner 
1715 has been cloned and expressed in E. coli. The complete 
nucleotide sequence whs determined and found to encode a 
polypeptide of 1 1 55 amino acids. In E. coli this gene directs the 
synthesis of a 130-kDa protein, Bt2, which shows biochemical 
properties similar to the 130-kDa B,t. berliner 1715 crystal 
protein- The toxicity of purified Bt2 against M. sexta and P. 
brassicae larvae is similar to that of the original crystal pro- 
teins produced by B.t. berliner 1715. 

Comparison of the complete amino acid sequence of Bt2 
with other deduced amino acid sequences from cloned crystal 
proteins genes of B.t. strains kurstaki HD1 (Bt kur HDI) [28], 
kurstaki HD73 (Bt kur HD73) [10] and sotto (Bt sotto) [9] 
leads to the following observations (Figs 6 and 7). 

a) The four toxins show a similar molecular mass 
(130 kDa) and exhibit extensive sequence homology. 

b) Bt kur HDI and Bt sotto are nearly identical over the 
total length of the published Bt sotto sequence (12 sub- 
stitutions in 934 amino acids). 

c) The four proteins are almost identical from residues 1 
to 282 a in Fig. 7). 

d) From positions 283 to 458, Bt2 and Bt kur. HD73 are 
nearly identical (two substitutions in 174 amino acids, II A in 
Fig. 7 but different from Bt kur. HDI and Bt sotto at 65 
positions (II B in Fig. 7). 

e) From residues 467 to 723, Bt2 is nearly identical to Bt 
kur. HDI and Bt sotto (three substitutions in 266 amino acids, 
III A in Fig. 7) but different from Bt kur. HD73 (HI B in Fig. 7), 
particularly between positions 467 and 611 (94 substitutions 
in 144 residues). 

0 From positions 724 to 1155, Bt kur. HDI is almost 
identical to Bt kur. HD73 (three substitutions 431 amino 
acids, IV B in Fig. 7) but different from Bt2 (IV A at position 
793 with an apparent deletion of 25 residues in Bt2 and be- 
tween amino acids 1054 and 1 1 17 where 18 out of 63 residues 
differ). Interestingly, the corresponding 75-bp sequence which 
is deleted in bt2 is flanked by an S-bp direct repeat of the 
sequence (AAAOTGTG) in the other three genes. Such a 
direct repeat might allow excision of the fragment by homolo- 
gous recombination, leaving one copy of the repeat as is found 
in the bt2 sequence, except for a 1-bp substitution (position 
2379). Alternatively, such direct repeats could arise from an 
insertion event. 

The general picture emerging from this sequence compari- 
son is represented in Fig. 7 and shows that stretches of nearly 
identical sequences can be identified, which are recombiiied 
in different ways in the respective 130-kDa polypeptides. 
Thus, the crystal protein genes in the various B.u strains 
may have evolved through homologous recombination events 
giving rise to toxins with distinct structural and possibly also 
functional properties. Homologous recombination between 
different crystal genes is likely to occur since they are located 
on transmissible plasmids [29]. The observation that IS 



elements flank the crystal genes in BA. berliner 1715 [12] and 
B.t. kurstdfei HDI [30] also suggests a high mobility of these 
genes. ! 

Despite considerable differences between the coding 
sequences,' the 5' regions upstream of the initiation cod on are 
completely identical in the four genes over at least 140 bp. 
This suggests a similar regulation of the expression of all four 
genes. 

Hydrophobicity analysis of the deduced amino acid se- 
quence of |Bt2 (Fig. 7) reveals that the whole N-tcrminal half 
of the Bt2 protein is more hydrophobic than the C-terminal 
half. In addition, two highly hydrophobic regions are present 
near the Nr terminus of the protein (amino acid positions 29 — 
80 and 13,7—172): Whether they play a critical role in the 
toxin/cell membrane interaction, as was found for other pro- 
tein toxini [31], remains to be determined. 

l^i^- molecular-mass B. thuringiensis crystal proteins 
have been? shown to be 'protoxms 1 which are processed by 
insect gut proteases. The in vitro digestion of these crystals, 
using either insect midgut juice or well defined proteolytic 
enzymes, has been described and a variety of toxic poly- 
peptides ranging in molecular mass from 160 kDa [2] to as 
small as 1 kDa have been reported [32, 33]. Other data indicate 
that polypiep tides in the 55 — 70-kDa range can be generated 
by proteoljytic degradation from the original crystal proteins 
using different enzymes [4, 34], or by spontaneous degradation 
of solubilized crystal proteins [35]. We have purified a 
polypeptide of 60 kDa, obtained by tryptic digestion of the 
Bt2 proteip, showing the same toxicity as the intact Bt2 pro- 
tein. The N-termimis matches the Bt2 sequence starting from 
amino acid 29. Nagarnatsu et al. [34] also isolated a tryp sin- 
resistant toxic core peptide of 58 kDa from B.t. dendrvlimus. 
The N-i^nrunal amino acid sequence was identical to the one 
determined for the 60-kDa Bt2 fragment. 

To determine the minimal gene fragment still encoding an 
active polypeptide toxin we have used deletions of the 
bl2 gene.; The minimal fragment was found to be an 
approximately 60-kDa polypeptide, delineated at its N-ter- 
minus between arnino acid positions 29 and 37 and at its 
C-terminus between positions 599 and 607. Interestingly, this 
fragment largely overlaps with the trypsin-resistant 60-JcDa 
polypeptide. Indeed two putative trypsi n -cleavage sites are 
present which could give rise to an approximately 60-kDa 
polypeptide, starting at position 29, namely Arg-601 and Arg- 
619. Our data are in agreement with those of Schnepf et aL 
[23] who also localized the active toxic fragment from a cloned 
B.u kurstaki crystal protein, in the N-terminal half of the 
protein. ; 

Based ion the data obtained with the different deletions, 
we conclude that removal of a few amino acids from either 
the N-terminus or the C-terminus of this 60-kDa polypeptide 
results in & complete loss of toxicity. The absence of toxicity 
observed in C-terminal deletions up to position 599 is also 
associated with a relative protease sensitivity of these 
truncated |Bt2 proteins. This suggests that toxicity requires a 
specific Uiree-dimensional conformation which is disturbed 
by deleting only a few terminal residues. 

The generation of very small toxic peptides by insect gut 
proteases has been reported [20, 21]. However, our present 
data show that it is very unlikely that active toxic fragments 
smaller than the 60-kDa fragment can arise from the Bt2 
protein. $xperiments are now in progress to identify the 
functional domains of the toxin using monoclonal antibodies, 
specific fcjr weU defined regions on the Bt2 molecule. 
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SUMMARY 

The nucleotide sequence of 1200 bp from the unique region off tnfnspnym TnJ conminfn g the neomycia 
phosphotransferase gene (neo) was determined, and the location of fheneo gene was identified by deletion 
mutants in a translational reading basse of 792 bp. The deriVcd gene product, an aminoglycoside 
3'-phosphK>Uansferafie (APH) O, consists of 264 amino acid residues and has a calculated M w of 29053. Iti 
amino sequence a hows sequence homologies to the APH tyj>e 1 enzyme coded tor "by transposon 
T*$03 (Oka ei a)., 1981). 



1NTRCH>UCT20K 

Transposon Tn5 carries a gene that confers 
resistance to the aixdnoglycoiidcs kanamycin and 
neomycin. This gene (n«o) codes for an" amino- 
glycoside a'-phosphotransferase II (Berg et aU 
1975) and tic* adjacent to the left inverted repeat 
of TnJ that has already been sequenced (Aners- 
wald et aL. 1981). The nto gene has been used as a " 
selection marker for vectors In pr&axyotes such as 
Escherichia cofi (Rao and Rodger*, 1979; Herr- 
mann et bL, 1980) and Bacillus subtili* (Sprongjel, 
1982). Recently, this gene was also found to be a 
useful dominant selection marker for ttaosforma- 



Abbrevi»Uww: APH, wrinogtycotide 3-pbo*ptK*r*ntfcTtue II; 
bp, hue pmrr* xn, neomycia resliUm s*** po«> position in 
Ihc tequeoce; SDS, rorirnm dodeqyl ralfftto. 



lion or eukaryotic cells (Jimcncr and ttavies, 1980; 
Colbere-Oarapin et sl» 1981; Southern and Berg, 
1982). However, only the approximate position of 
the neo geije in Tn.5 was known re q ui ri ng use of 
xclauveiry hjrgo DNA pieces to clone the antibiotic 
resistance marker. Wo have now determined the 
nucleotide sequence and the exact location of the 
gene so thai it cart be used for vector constructions 
defined at the nucleotide level. 



MATERIALS AND METHODS 

(a) Bacterial strains 

Phage /|?::Tn5-30 (Auerswald et aL, 1981) was 
used as source of TnJ for all plssmid. coottruo- 

i 
1 
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dons. Maxioell strain was CSR603 (Sancai et aL, 
1979). 

(b) Enzymes 

Restriction endonucleases (Haelll, Hin fl } 
EcvRl, Hindlll) were prepared essentially as de- 
scribed by Roberts at at (1979) or purchased from 
New England Biolab* (Aval, Avail, Bgill Pvull, 
and Sal}). Cleavage buffer for ail these restriction 
endonucleases was 20 x&M Tiis • HO pH 8.0, S mM 
MgCl 2 , 50 mM KO, 1 mM dithkrthreitol and 5& 
glycerol. The DNA concentration in the way was 
between 100 and 200 pg/rnl. T4 polynucleotide 
kinase was purified by a modification of the proce- 
dure of Richardson (1965); SI and BAL31 exo^ 
nucleases were purchased from New England Bio- 
labs and Bethesda Research Laboratories, respec- 
tively; calf intestinal phosphatase and T4 DNA 
Hgaae were from Boehringer Mannheim, ligation 
buffer was 50 mM TrisHCl pH 8.0, 10 mM 
MgCI 31 50 mM Nad, ImM ATP, 1 mM di- 
thiothreitol, and 1 mM EDTA. 

(c) Protein size marker 

A ,4 C-methyIated mixture of lysozyme (M r ~ 
14 000), carbonic anhydrase (Af f = 30 000), 
ovalbumin <Af r = 4c"000), bovine serum albumin 
(A# f = 69000), phnsphorylase b (AT, = 92 000), and 
myosin (Af, = 200000) waa purchased from 
Amersham-Bucbler, Braunschweig. 

(d> Sequencing procedures 

DNA sequencing was performed essentially as 
described by Ma*am and Gilbert (1930). Sequenc- 
ing gels were dried in order to enhance band 
sharpness and to shorten exposure times (Qaroft 
and Ansorge, 1981). Computer programs of Oster- 
burg ct al. (19&2) were used for storage and 
processing of sequences. 

(e) PtasnodB 

(1) Piasmid pKmS contains the complete neo 
gene on a HmmUfiamKl fragment of Tn5 cloned 
into pBR322 via the corresponding restriction en- 
donuclease sites. An analogous construction was 



reported by Rao and Rodgers (1979). 

(2) PlasmidpKm2 (see Fig. 1) is b derivative of 
pKnti and expresses the neo gene under control of 
the faeUV5 promoter. The vector in this construc- 
tion is a pB&32? derivative, pEX205, in which the 
short EcoRi-HindHl fragment of pBR322 is re- 
placed by ai214-bp BcoJM-HtndUl fragment car- 
rying the lacUVS promoter/operator control re- 
gion (Reiss, 1982). This dement consists of a 207- 
bp EcoRl fragment (Backman et al^ 1976) with an 
ewRI-tf/ndlll adaptor element added at its 3'-cnd 
to yield the sequence: S' GAATTCCAAQCTT 3', 
Between the WndJH site and the Sail site of this 
vector the neo gene was fused as follows: 1 pmol 
pEX205 DNA was cleaved with HfndHX, precipi- 
tated with efhanol, the precipitate dried, redis- 
solved in 20j al of 30 mM sodium acetate pH 4j6, 
280 mM Nad, 1 mM ZnS0 4 , 5% glycerol and 
incubated with 0.1 unit of SI nuclease for 10 min 
at 20°C to obtain an adenine nucleotide at the 
?-end. The nuclease digestion was terminated by 
the addition of 30 nl 10 mM EDTA, the sample 
was extracted with phenol, desalted by chromatog- 
raphy on Sephadex CM 50 in 10 mM ammoniuxa 
bicarbonate, tyophiEsed, and digested with Saih 
Ipmol DNA of piasmid pKml was cleaved with 
£gfI2» predpitated with ethanol, redissolved in 20 
ul 20 mM sodium phosphate buffer pH7-2,7mM 
Mgd 3t 100 mM KO, 100 fiM eac£ of all four 
deoxyribonUcleoside triphosphates, and the cleav- 
age site filled in with 2 units of & cofi J>NA 
polymerase I for 10 min at 20*C The resulting rttv 
fragment was ligated to the linearised vector via 
the created blunt ends and Sal\ sites in 30 al of 
lotion buffer for 16 h at 15°C with 0£ units T4 
DNA Ugase. Joining of the fined in Bgfll site of 
*ae neo gene to the Sl-treated WndUl site of the 
PEX205 vector restored the BgfU site in front of 
me neo gepe \ n the sequence: 5' GATTCCA- 
OATCTS'i[8eeFig.3). 

(V ftamidspKittfl and pKm22. For the con- 
struction of these two kaaamycin-sensitlve ples- 
mida lpma) of pias^ pKm2 jjna was opened 
with BgflUi dissolved in 20 nl of 100 mM potas- 
sium phosphate pH 7.0, 100 mM KC1, 7mM 
MgCl„ 1 m|M dithiothrcitol and incubated at 20"C 
with 10 wu>s of £. coU exonuclease lit After 30s 
the sample *aa precipitated with ethanol and dried, 
Tfce DNA was incubated with SI nuclease as 
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described above, extracted with phenol and de- 
salted An aliquot of the sample (0.1 pxnoi) was 
incubated with 20 pmol flwdHI tinker fragment 
(Collaborative Research, Waltham; MA) and 3 
unite of T4 DNA ligasein 10 jtl of ligation buffer 
for 16 h at IS°C, then quickly heated at 65°C, 
dilated with 20 ul cleavage buffer and digested 
with 10 units JftndlXI fox lh at 37°C Linker 
fragments and salts were removed by chromatog- 
raphy on Scphadcx CM 50 and the DNA was 
circularised by ligation. Transformed C600 cells 
were screened fox sensitivity to kanamycin and for 
the presence of the lac promoter on X-gal plates 
(Backman et aL, 1976). 

(4) PiasmkI pKm24 is a derivative of plasmid 
pKm2 in which a 940-bp Atxil fragment down- 
stream of the putative C- terminus of the neo gene 
has been deleted (see Fig. 1). For its construction 
I pmol of plasmid pJCm2 DNA was digested with 
Aval and the resulting two fragments were sep- 
arated by agarose gel electrophoresis. The bigger 
4.2-kb fragment was ehited from the gel and cir- 
cularised by ligation. The ligation reaction worked 
suffi c ien t ly well although the two Aval sites dif- 
fered by one nucleotide (CCCOQO and 
CTCGGO, respectively). 

(5) Plasmid P Km24l to plasmid pXm245 are 
deletion derivatives of plasmid pXjn24 and were 
constructed as follows: 1 pmol of plasmid pXjn24 
DNA linearised by cleavage with Aval was in- 
cubated at 25°C with 1 unit BAL31 exonnclease in 
100 uJ of 20 mM Tris-HO pH e\I, 600 cnM 
NaCt, 12 mM MgC^. 12 mM CaCl a , lmM 
EDTA. After 2, S, 1 a and 20 mm aliquot* of 25 ul 
were withdrawn, phejtc4-extracled and desal ted on 
Sephadex G-150. Half of each sample (0.12 pmol) 
was joined with HindUl linker fragments as de- 
scribed above for theplasmidspKmZl andpKm22 
and reciicularised. Ampicfllin-iesistant traasfar- 
mants were analysed on kanamycin plates. The 5r 
and 10-min aliquots of the BAL31 digestion re- 
sulted in about equal numbers of kanamycin-re- 
sistant and katuuriydn-sensitivc colonies, The 
plasmids were analysed for the ends of the Tn5 
DNA by cleavage with £coRI and IfintiB. For 
two kanarrrycin sensitive plasnurts (pKm241 and 
pKm242) and three kaxamyem-rwostant plasmids 
(pKm243, pKm244, and pKm245) these ends were 
exactly determined by DNA sequence analysis. 
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RESULTS : 

To sequence the nto gene and to determine its 
limits, deletion mutants were constructed that con- 
tain the gene on a conveniently small piece of 
DNA, Prdtmiinary sequence data had predicted 
that the N J terminus of the neo structural gene was 
located very dose to the end of the left inverted 
repeat of Tni next to a unique BgfU site (Auers- 
wald et alt 1981). Iherefore, a presumably) pro- 
moterfess Bgm~SaII DNA fragment (1050 bp) 
containing; the structural gene (see Fig, 1) was 
cloned under control of the facUVS promoter in a 
derivative of pBR322 (for details see materials 
and METHODS) to give plasmid pKmZ This 
plasmid conferred a level of antibiotic resistance 
on £ coU host cells similar to that induced by the 
plasmids containing the intact transposon Th5- In 
contrast, no antibiotic resistance was induced in a 
derivative bf pKxn2 lacking the he promoter ele- 
ment. These results support the predicted position 
of the structural gene for APH in the BgjftLSoil 
subftagment and the absence of a promotar^ ele- 
ment. 




Ht» piflt^ r*"^ The dfawam itujwa ifxs m& porillcn of 
t*» cW tn.5 DNA. fragment, of tl* APH cocttfc* 
(nfoj, ftrtd \hs he pioaotcr (hem* arrow) of tbe vectp^ca- 
ooded ^-to^iiiaw (Afa), «od of tottua tapwtidt rwttfcUcn 
udmudeW do»«s» NodwUde pc*itk*s of tho* rffei 
U plumld pBIUZ2 •» specified in parmittto» 
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(a) The DNA sequence 

The nucleotide sequence of the Tn 5 neo gene 
region was derived by the chemical method using 
cleavage sites of infrequently cleaving restriction 
endonucleases like^oal.^oall, Ball, BgiU.PvuR. 
and An outline of the sub-sequences ob- 

tained is presented in the lower pari of Fig. 2. In 
addition to double-stranded DNA fragments from 
plasrnid pKm2, single-stranded Tn5 DNA ob- 
tained from the Bingle-stxanded DNA phage 
fd::TnJ (Herrmann et aL. 1978) was used for 
sequencing. In this DNA tbe inverted repeals of 
TnJ form a DNA double strand where** tbe 
unique regions of the transposon and of all fd- 
specific sequences appear as loops at both ends of 
this "stem" structure. Bgill endonuulease cleaves 
the base-paired part of this structure very close (19 
bp) to the unique single-stranded region of Tn5, 
and thus very close to the iw gene. We have used 
this fox a. simplified sequencing strategy. After 
cleavage of fd Tn5 DNA with Bgill and 5'-end 
labeling with polynucleotide kinase (he smaller of 
the two generated fragments could be used directly 
for DNA sequence analysis of the 5 '-coding region 
of the neo gene without secondary cleavage by 
another restriction enzyme. 



DNA fragments with only one labeled end were 
also obtained directly from the sin {^stranded 
loop region after cleavage with /foe III, whereas 
sequences in; the stem region (up to pos. 1530) and 
beyond the Sail site (pos. 2684) were determined 
using fd Tn j DNA of the double-stranded repoca- 
tive form. Altogether a nucleotide sequrnce of 
1300 bp was obtained which was determined over 
all the regions in both strands (Fig.2), The com- 
plete nucleotide sequence is shown in Fig. 3. The 
first 300 bp (pos. 1 400- 1700) overlap with the 
DNA sequence of the inverted repeats of TnJ 
published earlier (Auerswald et at, 1981). There 
were no discrepancies except for a CC sequence at 
pos. 1682 winch had to be corrected to CCC 

The DNA segment sequenced is relatively rich 
m CG (60%) and therefore contains many CG-rich 
cleavage sites Cor restriction endonucleases such as 
HpaU, Hhal, and HmJXl, Abo a high preference 
for C or C as a third base of the codons (63%) was 
found. There are many stretches of self -comple- 
mentary zroilteoude sequences in the region of the 
ruo gene. Pa r a rr pies of six and more base pairings 
can be recognJbeed between pes. 1479 and 1494, 
1752-1767, ; 1846-1861, 1908-1922, 2089-2107, 
2199-2216, 2334-2354. This could contribute to a 
stable wcoridary structure of nmo jdRNA. Coro- 
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found by comparing calculated and experimentally 
determined amino acid contents for amino acids 
typical for protein ends such as phenylalanine and 
tyrosine. A smaller protein species (Af c = 25000) 
was sometimes detected in polyacrylamide gels in 
maxicell experiments upon prolonged incubation » 
However, the active enzyme, as identified by in 
situ phosphorylation of kanamycin on a native 
Ecrylamidc gel (B. Reiss, K Sprengel, and H. Will, 
in preparation), corresponded to the longer, M, 
27500 protein band on SDS gels. 

(c) Deletion at (ha 5*» terminus of the m» gene 

To determine the structural requirements at the 
5 -terminus of the gene, plasmid pKro2 was cleaved 
with ifg/II and subjected to limited eXonudeolytic 
degradation. To facilitate subsequent analysis, 
Hindlll decanudeotide linkers were added before 
recirculaiizatioii by lig^tim Nucleotide sequences 
from two such constructions; pKm22 and pKfi&l, 
in which 36 and 46 bp of the Th5 DNA have been 
deleted in front of the neo gene am shown m 
Fig. 5. These deletions remove one or five codons 
from the 5'-end of the putative neo gene in pKm22 
or pKzn21. respectively. Despite the presence of a 
functional lac promoter both pKm22 and pKm21 
lost the ability of their parental plasmid pKm2 to 
confer kanamycin resistance to host cells. This 
shows that expression of the neo gene depends on 
the presence of a relatively smaB DNA sequence 
(appro*. 40 bp) deleted at the S'-end including the 
ATO codon at pes- 1551. 

To prove that the deletions had removed only 
the translation initiation signal derivatives of 
plasmid pKm22 were constructed in which the 
body of the gene was fused to the beginning of the 
tacZ gene contained in the lac element of pKm22 
(see Fig, 2). In these fusion mutants kanamycin 
resistance was restored (Reiss, 19&Z). Both the loss 
of kanamycin resistance after deletion of the first' 
ATO codon, and the restoration of gene activity 
after fusion with another start signal demonstrate 
that the coding region of die nto gene starts at pas. 
1551. Additional independent evidence far this 
position comes from determination of the N -termi- 
nal amino acid sequence of the APH enzyme (J. 
Davics, personal communication)- The sequence 
obtained, Met-He/Gly-Gtx-X-Leu-X-Ser, agrees 



with the one predicted from the nucleotide se- 
quence starling at pos. 1551. We therefore con- 
clude that this is the start of the neo gene from 
lransposoniTn£ 

<d) Dektfocs at the 3-«od of the gene 

A number of deletion derivatives were con- 
strutted to determine which part of DNA is essen- 
tial for AltH function around the ^-terminus of 
the gene Initially an Aval fragment downstream 
of the presumptive C- terminus and extending from 
poa. 2516 in TnS to pos. 1424 in pBR322 (see 
Fig, I) was removed from plasmid pKxn2. The 
resulting pUsraid. pKm24, showed normal levels 
of kanamycin resistance and was used to construct 
further delation mutants. For this purpose pKm24 
was opened at the AxxlL site, treated with BAL31 
exojiuclease, and Che DNA rccircularired after ad- 
dition of ftfodiH linkers. Kanaorycin-rcaistant and 
kanamycutl-sensitive transfoimanis were isolated 
and the respective plasmids snarysed for the ends 
of the Tn£ DNA sequence. As shown in Fig. 3 
deletion endpoints determined in five p ln i mid s 
were found to scatter around the predicted C- 
tenninus of the gene at pos, 2344; Plasmids from 
kanamycii^resistaat colonies (pKm24l, pKm242, 
and pKm243) had endpoints at poi» 2374, 2358, 
and 2341, ikanamycin-sensidve colonies (pKm244 
and pKm245) at pos. 2271 and 2210, respectively. 
This shows that the DNA coding tor the last 22 
C-terminal amino acid residues of the APH en- 
zyme cannot be removed without loss of ksnamy- 
cin resistance. However, the TnS sequence foUow- 
ing the np> structural gene appears not to be 
essential ftjtf* efficient transcription and translation 
of the gate; in pKm243 removal of all of the 
nontraoslated sequence including the TGA stop 
codon did Inot lower the levd of enzyme activity in 
extracts of transformed £. coli cells (Reiss, 1982). 
No transcription termination signal has been de- 
tected in tjus part of the nucleotide sequence. 



DISCUSSION 

This rejxwt presents the nucleotide sequence of 
about 1200 bp from the unique region of trawpo- 
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son TnJ which Is one of the most actively studied 
traasposablc dements in prokaryotes. Thus, to- 
gether with the sequence of the two inverted re- 
peats (Aucrswald et al., 1981) about 75% of the 
Tn.5 sequence has been established. As indicated 
in Fig. 3 we have identified the exact limits oi the 
neo gene. Ia addition, there are several other open 
reading tames of unknown function. One, starting 
from position 2366 extends beyond the Kmitt of 
our sequence and codes for more than 110 amino 
adds. In analogy with other transposons (e^ Tn J; 
Chou et al., 1979) ona would expect this putative 
gene to code for a regulatory protein for TnJ 
transposition. Two other open reading frame* 
overlap with the coding region of the neo gene and 
code for hypothetical proteins of 52 amino acid 
residues (pas. 1564 to pes. 17 19). and 126 amino 
acid residues (pos. 1723 to pes. 2106), respectively. 
We do not know whether these proteins are pro- 
duced in vivo. However, no proteins of corre- 
sponding lengths were synthesized in delectable 
amounts from the cloned neo DNA in thesnaxicell 
system (see Fig. 4). 

It has been speculated that transposon TnJ 
evolved from a fusion of a resistance gene with 
two copies of an independent IS element (Auers- 
wald et al, 1981; Berg et aL, 1981). If this was the 
case one would expect differences in CG content 
or in cod on usage between the TJNAs of the neo 
gene in the unique region and the transposase gene 
in the left inverted repeat of TnJ. A comparison of 
these two parameters, however, did not reveal 
significant differences: The CG content of the two 
genes is very similar (57% and 6D9S, respectively), 
and the choice of most codons is nearly identical. 

The knowledge of the nto gene structure also 
allows the conoparison of the gene and its protein 
product to similar enzyme systems that inactivate 
ammogjycosides by phosphorylation. Cells carry- 
ing transposon TnJ produce APH type II while 
transposon TnPOJ codes for type I APH (Jimenez 
and Davies, 1980). Comparison of the DNA se- 
quence of the corresponding region inTnPO? (Oka 
et al., 1981) with ThJ DNA revealed an unex- 
pectedly high degree of protein sequence homol- 
ogy between the two apparently different enzymes. 
At the nucleotide level significant homology was 
detected in the carbooty terminal parts of the two 
genes only. However, comparison of the derived 
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amino acid sequences (Pig, 6) shows a rather dose 
relationship between the two enzymes, in that as 
much as 55% of the amino acid residues ate identi- 
cal or belong to the same functional group. The 
C-termina) part of the gene products appears to be 
highly conserved. These results suggest a comm o n 
origin of the genes of two apparently unrelated 
enzymes and make a convergent evolution rather 

The neoi gene of the TnJ Appear* to be an 
excellent selection marker for vectors in pro- 
karyouc as well as in eukaryotic systems (Jimenez 
and Davies, 1980; CoJbcro-Garapin et at, 1981; 
Southern and Berg, 1982). The gene is also weU 
suited to screen for cloned DNA fragments by 
insertions! inactivation at five different unique 
restriction ; sites inside die coding region 
Boll. Mrfli Pixd!, aod SphL, sec Kg. 3). In addi- 
tion, the short gene element of some 800 bp is 
flanked by easily accessible restriction sites. Two 
unique cleavage sites (for BgHI and Bc/I) are 
located soine 30 bp ahead of the codiog region, 
and four other sites (XimI, Sail, Xhol and Bam HI) 
are not too far from it* and (170, 240> 480. and 730 
bp. respectively). These sites can be used for ori- 
ented cloning of a promotcrless neo genein vector 
constructions. A minimal size gene of 830 bp has 
been obtained in thia work by inserting a new 
Hlndm sins only 17 bp beyond the 3 / -md of the 
gene in mutant pKm244. Finally, heterologous 
promoter elements can be joined into the B&jU or 
BcJl site in front of the coding region allowing the 
expression 1 of APH m many cUffereni systems. We 
have shown for K coli (Reiss, 1982) and B. wbtitis 
(SprengcV 1982) that the levels of antibiotic resis- 
tance and; of APH synthesis are proportional to 
the strength of the preceding start signals for gene 
expression which classifies the neo gene also as a 
good indlqatar to assess the strength of such regu- 
latory units (Reiss, 1982). 
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parable structures were described far genes with 
mRNAs of high stability, c£,, for outer membrane 
proteins of R* coii (lipoprotein: Nakamura et aL, 
1990; outer membrane protein II*: Bock and 
Bremer, 1980). 

(b) Hie neo gene and its gene product 

The A/ f -value ol the neo gene product synthe- 
sized in mnxfrHH as determined by SDS-gel elec- 
trophoresis is 27500 (Fig. 4). Similar value* were 
measured for the purified enzyme by gel filtration 
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Fig. 4. Exprcnion of APH in majuadta. UV irradiated sod 
■lirved C5R603 auxfceU* : tSanear 1 at, 1979) tfiasfonwd 
with pKnZ (a) nnd pKs£2 (b) vera Incobtted for 30 iidii with 
"S-Ubdcd mdhioQine, gpttirf mnd the txtraa tainted oo a 
12-5* polyacrylainida-tiDS s«L Ln« (c) w ymwu a l4 C- 
Ubelad protein marker. The i^iiuca oT the pnrtofa* Ire 
ipecified oo ihe right margin (Xt0>), Tbo- portion of the 
veetorowoded 0-JactamaM prtcorwr (Jrf r =?3kJ; daabed 
arrow) awl mature protda <Jtf r =28.7; tottd mow) ar» indi- 
cated, 



( A/ r = 27000;: Matsuhashi et al., 1976) or for the 
protein synthesized in ramicells by gel electro- 
phoresis (M r = 26000; Rothstein et al. r 1980). At 
shown in Fig. 3 there is only one open transla- 
tional reading frame of corresponding length in 
the DNA sequence starting at the ATG in position 
1551 and reaching a TGA atop codon at position 
2342. This sequence can code for a protein of 264 
amino acid residues with a calculated Af r -vaiue of 
29053. This is slightly above the apparent values 
determined With the protein. 

The amino add composition of the protein 
calculated from the nucleotide sequence agrees 
with the data determined with the purified enzyme 
(Mattuhsshi et aL, 1976) except Cor differences In 
cystine and valine (Table 1), The latter cannot be 
explained by pr oce ssi ng of a primary translation 
product, since both cystine and valine are located 
in the saddle of the protein and not at the C or N 
tannines* and no evidence for processing could be 
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Malwhaatt'et al 
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